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 Preface
Livestock in Africa are part of complex agricultural systems which are on the threshold of
major changes precipitated by increased demands for livestock products from rapidly growing
African populations. All programme activities of ILCA-whether research, training or information
services-are concentrated on improving the contributions of livestock productivity in Africa for
the benefit of producers and consumers alike. Appropriately, the donors who support the work
of ILCA, as well as our NARS colleagues and the farmers who will eventually utilise research-
based technologies, have vested interests in the potential for impact of ILCA programmes.
Increasingly, their concerns for improved productivity to benefit the present generation are
tempered by concerns for the welfare of future generations as well.
The direct impact of the strategic and applied research in which ILCA specialises is not readily
measured. Results from ILCA research activities will eventually reach the farmers and their
livestock through the efforts of national research and extension. Years, usually decades, are
involved in this transfer process. The consequences of ILCA's research cannot be isolated
from those of other institutions and individuals involved in the transfer process of research and
technology. Nor is it appropriate to attempt such separation because impact is ultimately
realised only when all links in the chain of technology generation-transfer-adaptation have
been effective.
The tendency to identify impact as changes in the economic performance of African farmers
does not pay sufficient attention to other sources of impact. Specifically, ILCA scientists must
take into account equity issues and consider how the adoption of technologies from research
differentially affect small and large holders, male and female, poor and well-endowed and
other societal subdivisions. Impact must take into account long-term effects on the natural
resource base and of environmental policies.
Given the long time-frame for realisation of impact from ILCA research, ILCA scientists must
give continued attention to the potential for impact of their research in the planning and
implementation stages. To this end, separate papers on general issues, environmental,
economic and social impact follow that provide opportunities to provide a more
comprehensive framework in which to contextualise potential for impact within the research
process.
Numerous documents are available that describe ILCA's past and present accomplishments.
Yet, as issues of sustainability and security for future generations become increasingly
important, the need to examine potential for impact emanating from research is critical. We
hope that these papers will not only prove useful to ILCA, but to other scientists, including our
NARS colleagues, as they plan and implement research to improve agricultural productivity so
that their efforts will fairly and equitably benefit producers and consumers of today and
tomorrow.
Hank Fitzhugh
Deputy Director General (Research)
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Introduction
ILCA can point to numerous areas of past achievements and impacts. Yet, as the Centre's
priorities and the needs of its target groups change, it is important to consider not just past
accomplishments, but the potential for future impacts as well. The following papers are
intended to promote discussion regarding the potential for impacts within ILCA's organizational
framework and mandate. This introductory paper raises general issues and poses questions
that are pursued in the papers that follow. Individual papers address the environmental,
economic and social components of impact within the organization.
The initial premise of this paper is that impact cannot be discussed in isolation from the
broader context of research and development and the overall priorities guiding the Centre's
research, training, and networking activities. For the notion of impact-how it is perceived and
integrated within the research agenda-is inextricably linked to, and formed by, the philosophy
(or philosophies) of the organization. Thus the Centre's views must be examined in concert
with other factors that define and direct its mandate for research and development.
To speak about impact, two broad categories of issues need to be addressed. The first
concerns the Centre's research mandate. What are its goals? By what mechanisms are those
goals to be achieved (for example, basic research, technology diffusion, training, policy
analyses)? How do considerations of impact, and potential impact, affect the broad spectrum
of research and training activities undertaken by the Centre? What is the Centre's
responsibility for disseminating its research results through to potential users? The second
category of issues relates directly to the concept of impact. What criteria are available for
measuring impacts? Where should impact reside within the programmes of international
agricultural research centres? These questions are used to organise the remainder of this
paper.
ILCA's mandate and the potential for impacts
Programmes of international research and development are diverse in terms of goals,
audiences, and mandates. In one way or another, however, all are concerned with the same
over-arching objective-improving the quality of life of the world's hungry and marginalised. Yet
how an organization advances this objective depends upon its particular mandate. Numerous
organisations are primarily concerned with the application and diffusion of technology to
advance short-term objectives (e.g., CARE in southern Ethiopia, SODEPRA in Côte d'Ivoire
and the National Dairy Development Programme, NDDP, in Kenya). Others look more to the
long-term future, to issues of sustainability, and to the development and dissemination of
knowledge. ILCA is such an organization.
ILCA's Strategy and Lon-term Plan (ILCA, 1987: p. 43) lists three operational goals:
· to strengthen the ability of NARS to conduct technical and policy research in
livestock-related fields and thus to develop their own technical solutions to
production problems and to promote livestock and rural development;
· to develop, through ILCA's own research and that of other organisations,
technical packages for increasing livestock production and the contribution of
livestock to sustainable agricultural production and income;
· to contribute to scientific knowledge in a way conducive to solutions to livestock
development problems; such knowledge may relate to the understanding of
production constraints and opportunities, or to research methods and techniques.
The rationale for this approach is based on several factors. First, while ILCA's mandate is
broad, its limited budget restricts the breadth of the research, training and networking
programmes that it can actually implement. To have positive impacts, ILCA's operational
objectives must be focused, well-defined and feasible. Second, making programmatic
decisions - that is, defining an agenda or choosing a particular research direction - requires
assessment of the centre's assets and how they might be optimally exploited. ILCA's response
has been as follows. Given its available resources of scientific expertise, capital, facilities and
equipment, as well as its linkages with other centres, donor agencies, and educational
institutions, ILCA sees itself as an intermediary that helps make the technologies and technical
expertise available in more-developed countries more relevant to the needs and experience of
rural Africans. In this process, ILCA hopes to expand the base of knowledge on the place of
livestock, and the potential for the introduction of new livestock production techniques, within
African farming systems. Through numerous mechanisms (e.g., training, collaborative
research, networks, etc.) it helps diffuse this knowledge to national organisations, who are
better placed (because of their own linkages and experiences) to adapt and transfer
technology packages directly to target populations.
In this scheme then, ILCA's research is more strategic and applied than adaptive; more long-
term than short-term; and, often, less-immediately measurable in terms of its direct impact on
production systems than applied or farm-specific research. Choosing a research direction
where usable products may not be generated or integrated into farming systems for, perhaps,
10 or 20 years, can generate conflict. The problems of the hungry are immense and
immediate. It is difficult to balance the need to quickly respond to these issues with the rather
long and arduous process of testing hypotheses concerning basic processes relevant to
agricultural production. How does one say "wait for future impacts" when the world says "we
want actual impacts now"?
For ILCA, the answer is that the outputs from its current activities should be judged in terms of
their potential to have impacts on future generations. Yet, how then does ILCA assure its
various audiences (i.e., donors, NARS, farmers) that its activities are relevant and that
potential impacts are an ongoing concern of ILCA scientists? How does one measure not just
a commitment or intention, but an active effort to produce and promote work that has potential
practical application?
These are dilemmas that both the research centre and those concerned with implementation
and assessment of output must face. There are no easy answers, nor easy solutions. Given
the diversity and often serendipitous nature of human experience, anticipating or predicting
positive impact on a target group is difficult at best. Time may be a teacher, but how much
time? Experts can predict, but how does one anticipate the unknown? Expectations about
discovery exist, but there are no assurances of success in the world of fundamental research.
Even for the long-term, however, there are ways of maximising the likelihood that results have
practical, relevant, and useful application. There also are ways for ensuring that impact stays
a central focus and concern of the research agenda. These are discussed in the remainder of
the paper. To begin, we set the context of research and development in which ILCA operates.
ILCA's outputs
Too often, international centres like ILCA are judged solely by the perceived impacts of the
production techniques they generate. But ILCA is not exclusively engaged in the development
of techniques. Nor is its work directed solely to the smallholder. ILCA's outputs can be
grouped into three categories - production research, policy research and organizational
research - depending upon which of its operational goals they are designed to advance.
Production research focuses on the techniques used by farmers, market agents, and
consumers to produce, process, and prepare livestock products (Horton, 1990). Impacts from
production research are realised when the adoption of new techniques contributes to the well-
being of producers and/or consumers. Production techniques recently investigated by ILCA
scientists include alternative feed resources (e.g., fodder banks, alley farming), intensive dairy
production, butter churns, ox-drawn implements and trypanosomiasis control.
Policy research deals with the relationships between public policy development, institutional
change, agricultural development and technological change. The outputs from policy research
become inputs into the processes of technological and institutional development. On the one
hand, outputs from policy research promote the development of techniques that are consistent
with local and national institutions. On the other hand, policy research makes information,
statistics, concepts, predictions and recommendations available for the formulation of public
policy (e.g., ILCA Working Document 15, A handbook of African livestock statistics). The
impacts of policy research can be realised via several avenues. Analyses of price or trade
policies can prompt policy changes with immediate impacts on producers' revenues and
consumers' expenditures. Identification of cultural biases that have been institutionalised into
policy directives (e.g., discriminatory policies based on gender, age or ethnic distinctions) can
help reveal the potential constraints to technology adoption. Analyses of land and tree tenure
institutions can support tenure reforms and the development of production techniques that
better fit particular institutional environments (see case study 1).
Case Study 1: ILCA's Research on Tenure Policy and Alley Farming
In the mid 1970s, the international Institute of Tropical Agriculture (IITA) developed alley cropping
techniques - growing food or fodder crops between rows of leguminous trees - to ease local crop
production constraints. ILCA scientists determined that the technique could be extended to include
livestock if a portion of the tree foliage was cut and carried to stall-fed animals. ILCA called the resulting
tree-livestock-crop technique "alley farming."
On-station trials showed Leucaena leucocephala and Gliricidia sepium to be the most promising tree
species in terms of soil fertility, crop production, forage production and forage palatability. In 1984-85, on-
farm trials were undertaken with 163 farmers in two regions of southern Nigeria.
It was soon recognised that land and tree tenure institutions influenced the adoption of alley farming.
ILCA social scientists found complicated and variable systems of land use and property rights in the two
regions. Property rights are distinguished by gender, kin and method of transfer. Different property rights
hold for land and trees planted on that land. In the more-populous south-east, there are, distinct property
rights for compound land, near farms, and distant lands.
These land tenure arrangements affected farmers' adoption of alley farming in the south-eastern region.
At one village, most farmers chose to locate alley farms on fields close to homesteads. Land next to the
compounds was already used intensively and distant lands were rarely cropped. At another nearby
village, most alley farms were located on compound land: farmers were reluctant to make fixed
investments on near farms or distant lands because they lacked rights to particular plots of land.
These case studies prompted a further multi-country land tenure study in 1989. The Land Tenure Center
(LTC) of the University of Wisconsin, in collaboration with ILCA, began a study of land tenure systems in
Cameroon, Nigeria and Togo. Surveys showed that farmers: Acquire land through various means,
including purchase or being given land (5-10% of fields in each country), divided inheritance (half the
fields in Cameroon and one-quarter in Togo) and undivided inheritance (one-third of all fields in each
country). Secondary access (rental agreements, pledges or loans) was important in Togo, particularly
where land was scarce. Characteristics associated with divided inheritance (e.g., highest incidence of tree
planting, greatest use of soil fertility inputs, closest proximity to the household) indicate that farmers are
more willing to invest in land obtained through divided inheritance than in land held under other types of
tenure. Agroforestry initiatives like alley farming may best be targeted at farmers' land obtained through
divided inheritance.
Sources: Francis (1987);.ILCA (1991); Lawry and Steinberger (1991) Reynolds and Atta-Krah (1986).
Organisational research is concerned with the ways that research centres implement their
production and policy research. ILCA's organizational research can impact others by: (1)
strengthening NARS research programmes through training and supplying research
information; (2) linking NARS to the global research system through improved
communications, collaborative research and conferences; (3) stimulating research institutes in
developed countries to better address the problems of African livestock development; and (4)
contributing to the setting of priorities in research and policy (Horton, 1986). Organisational
research has indirect impacts on farmers and consumers: more productive national research
centres, extension agencies and agricultural development agencies are more likely to be
successful in translating the results of production and policy research. Essentially,
organizational research is directly concerned with the operations of the systems that facilitate
and communicate production and policy research. ILCA's past and present contributions in
this regard include coordinating research networks, developing training materials and
undertaking individual and group training to improve the organizational techniques used by
NARS.
Impact assessment and the research process
It has been noted that impact analyses often occur "outside", or parallel to, the research
process itself (Horton, 1990; Rhoades, 1984). It is not unusual to find such studies initiated at
the beginning of the research process (where future impacts of research [ex ante] are
identified and/or assessed) or at the end (where contributions made over the course of the
project are evaluated [ex post]). While both forms of assessment may be useful, they tend to
perpetuate a sense that consideration of impact is not an integral part of the planning, design
or implementation phases of the research process but, rather, an addition to, or justification
for, research activities falling under the category of basic research (ILCA, 1985: p. 25).
Viewing impact in this fashion suggests that it is the research that drives the organizational
agenda rather than the needs of target populations.
Impact assessment should be integrated into "every important juncture of the planning and
execution of the [research] program" (Cernea, 1985: p. 7) in order to anticipate and/or define
changing trends, to help define the research agenda and, when appropriate, to urge
redirection of research efforts. When the concept of impact is integrated into the operations of
a centre, there is greater opportunity for continuity in vision and accountability to beneficiaries.
The questions raised by impact studies can thereby connect the research to the changing
realities of the environment under study.
Integrating impact assessment into on-going centre activities does not by itself ensure that
research output is linked to the needs and constraints of the intended beneficiaries. The
likelihood of establishing these linkages, and of maximising the potential for positive impact, is
increased if inputs from target groups are included in the research process.
In the past, international agricultural research centres have been criticised for allegedly
following a "top-down", transfer-of-technology model of agricultural innovation. In the transfer-
of-technology model, new innovations are devised by international centres, filtered through
NARS to extension agents, and finally offered to farmers. The model ignores the active roles
that extension workers, practitioners and intended beneficiaries also play in the innovation
process (Biggs, 1990).
ILCA follows a systems approach to livestock research that takes explicit account of the needs
and constraints of its target group (ILCA, 1990).
Activity 1 - Identify a target group as the largest group of potential adopters of
research results, a subset of the target group as a test group for evaluating
farmer adoption of research results and a small subset of the test group as a trial
group for farm-level evaluation of the research results. ILCA generally defines its
target groups by agro-ecological zone (highlands, subhumid zone, humid zone)
and farming system (smallholder mixed crop-livestock systems), its test groups by
administrative jurisdictions within those zones and systems, and its trial groups by
farmers' location and willingness to experiment.
Activity 2 - Use multidisciplinary systems studies to identify the technical,
economic and institutional factors constraining livestock and agricultural
production among the test group.
Activity 3 - Identify and characterise policies, genetic resources and production
techniques that have potential for relaxing those constraints.
Activity 4 - Adapt and develop resources and techniques that may be suitable for
relaxing the constraints faced by the target group.
Activity 5 - Evaluate those new techniques through on-farm trials with trial groups
and examine how farmers adapt those techniques to their own situations.
Activity 6 - Modify the techniques and re-evaluate with additional on-farm trials.
At this step ILCA takes account of farmer innovations and accounts for information
missing from the initial constraint analysis.
Activity 7 - Work with NARS and national extension services to extend
appropriate techniques to the test group.
Activity 8 - Extend techniques, and methods for evaluating and adapting those
techniques, to NARS and extension services reaching across the target group.
Application of this research method is well-illustrated by ILCA's research on forage legumes in
the subhumid zone of West Africa (see case study 2). This is one of ILCA's more mature
research programmes; since 1979 ILCA has conducted research at its subhumid zonal site to
develop suitable forage production techniques. The fodder banks that have been developed to
produce forage legumes in Nigeria are now being extended to several West African countries.
The example demonstrates that the integration of potential users into the research process
serves to ensure that research priorities respond to the felt needs of the clients.
Case Study 2: Forage Legume Research in the Subhumid Zone of West Africa with ILCA's
Systems Research Methodology
Activity 1: Identify target and test groups
The target group was sedentary agropastoralists in the subhumid zone of West Africa and the test group
was sedentary agropastoralists in the subhumid zone of Nigeria.
Activity 2: Identify livestock production constraints faced by test groups
From literature sources, interdisciplinary analyses and informal farmer interviews, the main constraint to
livestock production was identified as availability of fodder. Factors limiting fodder production, especially
during the latter part of the dry season, were: (1) agropastoralists have short-term rights to cultivated
land; (2) agropastoralists share access to rangelands with transhumant and nomadic pastoralists; (3)
labour for hire is scarce and agropastoralists' family labour is primarily occupied with subsistence
cropping; (4) animal-drawn implements are not widely available; and (5) indiscriminate burning of bush
impairs the establishment of sown forages and short fallow periods limit yields on cropland.
Activity 3: Identify techniques for alleviating constraints
Cottonseed cake and various forage legumes were investigated as potential feed sources, Cottonseed
cake is an agro-industrial byproduct that could be purchased with cash from sales of sorghum if such
surpluses were available. Seventeen cultivars of Stylosanthes were selected for testing on the basis of
Nigerian on-station trials of varieties recommended from Australian research. Stylosanthes hamata was
selected. Three other forage legume species were also found to be suitable from an agronomic
perspective.
Activity 4: Develop possible production techniques
Three different techniques for producing Stylosanthes hamata were developed: (1) undersowing -
Stylosanthes hamata sown under sorghum; (2) interrow sowing - Stylosanthes hamata with sorghum; and
(3) fodder banks - confined units of intensive forage production. Little interest has been shown in
undersowing and interrow sowing. Reasons for this have been investigated.
Activity 5: On-farm trials
Several lessons emerged from on-farm trials with fodder banks: (1) dry-season supplementation resulted
in marked improvements in calf survival and fertility; (2) financial appraisals indicated attractive returns to
capital invested in fodder banks; (3) nitrophilous grasses invaded after a number of years in response to
the accrual of fixed nitrogen; (4) sufficient land was not always available for large fodder banks; (5)
farmers were unwilling to use fodder banks in the wet season because of the possibility of worm
infestations (6) livestock owners generally grazed all of their animals on the fodder banks to minimise,
herding costs: and (7) farmers used the fodder banks early in the dry season to avoid forced sales at
later dates.
Activity 6: Modifications of techniques
In light of the lessons from the on-farm trials, researchers devised several modifications to the fodder
bank production technique: (1) alternative land preparation techniques alleviated worm-infestation
problems; (2) nitrogen-demanding cereal crops were introduced periodically to take advantage of and
reduce soil nitrogen levels; and (3) mini fodder banks were introduced in intensively farmed areas as a
complement to goat production.
Activity 7: Extension to test group
Beginning in 1986, the National Livestock Projects Division of the Nigerian Federal Ministry of Agriculture
undertook the management of a World Bank-assisted project that had a target of establishing 2000 fodder
banks by 1990. Although producer demand has been high, extension agencies have been unable to meet
the targets To 1990, 530 fodder banks had bee, established.
Activity 8: Extension and adaptation across the target group
ILCA has helped extend the fodder bank technology to a number of other West African countries through
NARS. Contacts have been, made with Benin, Burkina Faso, Cameroon, Core d'Ivoire, Ghana, Mali and
Togo. Within Nigeria, the concept of rotational cropping with fodder banks is being extended to other
states in the Federation by ILCA colleagues from the Institute of Agricultural Research.
Sources von Kaufmann and Mohamed-Saleem (1989); Mohamed-Saleem and von Kaufmann (1991).
Criteria for evaluating impacts
In addition to the inclusion of targets groups in the research process, care must be taken when
choosing criteria for evaluating "positive" and "beneficial" impacts. For, any intervention that
shows a positive (or potentially positive) benefit in one arena (e.g., farm product), may not
show such promising effects in other areas (e.g., economic, environmental, political or social).
Introducing cattle feedlots may increase the economic returns to grain farmers and beef
consumers, but if it does so at the expense of human food production, is the impact positive or
negative? Researchers must be flexible in interpretation and open to the multiple ways in
which interventions may transform systems. For example, if the introduction of some
intervention transforms an ecosystem (e.g., a rain forest), what are the potential risks and
costs for the individual, the community or the global environment? How does one draw lines to
isolate various "impact components" or determine which aspects take priority?
Research is undertaken within very complex systems - systems so interactive that all the
subtle linkages that are made, broken and reformed are rarely known. Researchers tend to
assume that the relationship between an intervention and its impact is clean (i.e. causal,
linear), and easily identified. In fact, economic, social, political and ecological systems are
interconnected and what transforms one may also transform the others. Thus, when assessing
present or future impact, it can be misleading to simply speak about the impact of one
component on another. By isolating parts (e.g., the social from the environmental from the
economic), or assuming hierarchy in importance (e.g., that economic returns will always be
considered of higher value than social or environmental benefits) much of the complexity and
interdependence of the components of a production system is lost.
Nonetheless, for the current purposes we have developed separate papers on the potential
social, economic and environmental impacts of ILCA's research. In part, this is a reflection of
current literature on impact assessment - a literature that has focused almost exclusively on
the impacts of production research. Organisational and policy research activities have largely
been ignored in previous studies, partially because their impacts are diffuse and indirect and
partially because their impacts cannot be neatly categorized as social, economic or
environmental. Instead, they are best evaluated by their direct impacts on NARS, the
international scientific community and the international donor agencies.
Given the points raised above, indicators of potential impacts from organizational and policy
research can be identified to aid in the assessment process. Possible indicators of impact
from organizational research include the following:
Group training courses: number of people from various countries enrolled in group
training courses; positions that trainees occupy in their respective countries;
relevance of the material; quality of instruction and materials; unique contributions
of the training programmes to the educational opportunities available to ILCA's
target groups.
Individual study programmes: country of residence and professional affiliation of
people on individual study programmes; relevance of research topics to ILCA's
regular protocols and the trainees' research interests; state of completion of
research objectives at the termination of the training periods; manuscripts, articles
and theses completed by trainees; and long-term research productivity of trainees.
Direct linkages with NARS: ILCA's contribution to research networks (see case
study 3); number of national researchers involved in ILCA's collaborative research
programmes; and number and duration of ILCA visits to NARS.
Direct linkages with other international centres: participation in collaborative
research.
Impacts on the international research community: presentations to international
conferences; publications in international scientific journals; publications and
reports in international press; and network newsletters.
Case Study 3: Organisational Impacts through ILCA's Research Networks
Networking is viewed as ILCA's primary mode of operation with its national and regional research
partners. It is considered a means for creating a critical mass of scientific experts who can work together
toward the resolution of mutual problems in sub-Saharan Africa.
The Centre's overall objective in network activities is to help strengthen the institutional capacity of NARS.
Toward this end, specific goals include: (1) participation in the planning and implementation of research;
(2) dissemination of research methodologies and new technologies; (3) provision of training opportunities
to NARS colleagues; (4) helping set up steering committees; (5) helping organise regular meetings of
participating scientists to review research results; (6) improvement of information exchange through
newsletters, conference proceedings and the publication of research results; and (7) helping attract
financial support for the in-country implementation of research projects by national network cells.
ILCA is currently associated with the following networks: African Trypanotolerant Livestock Network
(ATLN); Animal Traction Network; African Feed Resources Network (AFRNET); Cattle Research Network
(CRNET); and the Small Ruminant Research Network (SRNET). Typical of network activities are those
that can be highlighted from SRNET. Since its inception in January 1989, the Network has held five
regional planning and protocol development meetings. Ninety-two scientists from 31 countries have
participated. To date, 15 research protocols have received funding and are targeted for implementation in
Ethiopia, Cote d'Ivoire, Senegal, Togo, Niger, Zimbabwe and Swaziland. In addition, SRNET has
generated nine issues of its newsletter (published in English and French) which is circulated to 1200
readers in 48 African countries. Two conferences have been held, attracting approximately 135 scientists.
A total of 87 papers were presented, covering such topics as feeds and feeding systems, breeds and
breeding, evaluation and improvement of reproductive wastage and health management. Proceedings
have been generated from both conferences.
Training activities in SRNET have included the "Small Ruminant Production Techniques" course offered
annually to NARS. To date, 59 NARS representatives have attended. Individual training (in the areas of
data analysis, interpretation and write up of results) have been offered to scientists in Sudan,
Mozambique, Rwanda, Tanzania, Sierra Leone and Togo.
Sources: ILCA (1991, 1992)
Possible indicators of impacts from policy research include:
Intentional dissemination of literature: numbers of literature searches, documents
duplicated, direct users of the ILCA library.
Dissemination of ILCA research results: quality and distribution of ILCA
publications; publications in peer-reviewed international journals; and publications
of extension-oriented documents.
Networking: circulation of, and contributions to, the African Livestock Policy
Analysis Network.
Training enrollment in Livestock Policy Analysis courses; positions occupied by
course trainees; and quality of instruction and materials used at those courses.
Participation in special policy-oriented conferences and symposia.
Policy studies (e.g., the ILCA study on pricing policies affecting the livestock
sectors in Côte d'Ivoire, Mali, Nigeria, Sudan and Zimbabwe (case study 4) or the
land tenure studies described in case study 1).
Case Study 4: Pricing Policies in Sub-Saharan Africa
Price intervention policies often seek to achieve a number of broad objectives. The multiple objectives
and the means employed to promote these objectives are important concerns when determining the
degree to which government policies will promote or constrain the adoption of improved technology
packages.
In a study covering the period 1970 to 1986, ILCA scientists examined the government pricing policies
affecting the livestock sector in Côte d'Ivoire, Mali, Nigeria, Sudan and Zimbabwe.
Results indicated that pricing policies in the study areas did have numerous objectives, including:
increased self-sufficiency in meat and milk production and consumption, promotion of exports,
stabilisation and control of inflation, generation of revenues, improved nutrition and provision of
employment opportunities. The means put forth to achieve these objectives included: controlled prices,
input subsidies, trade taxes, consumer subsidies, import licenses and foreign exchange allocations.
The study found frequent conflicts between these multiple objectives. For instance, in most of the
countries, policies were in place that both encouraged producer price incentives and sought to stabilize or
reduce consumer prices. However, on balance, real producer prices increased over the sixteen year
period.
An examination of the costs and benefits of the policies indicated a major effect on production and
consumption. For instance, the analysis indicated that the "negative protection" of milk production in Mali
between 1970 and 1972 reduced domestic production by 208,000 tonnes and increased consumption by
36,000 tonnes. The policies had the effect of increasing imports by 244,000 tonnes. In actuality, Mali
imported a total of only 13,000 tonnes of milk during this time. Had the policies not distorted prices, Mali
had the potential of becoming more than self-sufficient in milk production.
One of the more encouraging findings was that pricing policies have gradually moved away from taxing
producers. Implications are that increased livestock production and the adoption of improved technology
may be encouraged as a result.
Source: ILCA (1990).
Conclusion
Regardless of how a research and development organisation defines its mandate, donors and
the eventual users of research-based technology expect net benefits to accrue from its
activities. Research and development organisations - whether organised around basic
research or technology diffusion - should be judged for the impacts they have on target
populations. Leaving application issues to "those who do diffusion work" does not negate an
organisation's responsibility and accountability for its efforts.
What then can ILCA scientists take from the previous discussion? There is an
acknowledgement that research for the long-term has few direct, short-term impacts. Yet to
assure that focus toward some future and sustainable impact is maintained, impact should be
integrated into the centre's programmes; this should ensure that there is a balance between
generating new knowledge and creating usable, adaptable knowledge. Thus, researchers
have a responsibility to address the following questions. First, what is the potential for impact
within the context of a programme that is focused on fundamental/strategic research? Second,
what efforts have been made to integrate these concerns (and possible solutions) within the
programme of production, organizational and policy research? Third, are there shorter-term
objectives that can reasonably be met and are compatible with the Centre's longer-term
goals? The following papers provide additional guidance for the ways that research managers
and individual scientists can address these questions.
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Introduction
A major problem one faces when trying to measure the impact of ILCA's research on the
African environment is to isolate or separate this specific impact from general trends of
environmental impacts generated by human activity in rural areas. For instance, it may be
argued that since the current and foreseeable pressures of African production systems on the
environment are becoming so severe, a small research organization like ILCA can do little to
change what many consider inevitable trends (Mabbutt, 1985). It is asserted that there is no
escape from higher population pressure (at least within the next 20-30 years); nor can
expansion into more marginal land be avoided given the need for more food, water and
shelter for expanding rural populations. Although the rural exodus into urban centres is likely
to continue, the capacity of urban centres to absorb rural labour is limited and, in the short
term, likely to diminish as government administrations are "slimming" and parastatals are
becoming privatised, shedding excess labour.
To take a narrow view of ILCA's research, it may be concluded that most innovations the
Centre has recommended are likely to produce positive impacts, at least on the local
environment and on the welfare and income of the immediate target group, the small-scale
mixed farmer. Producing more livestock feed per unit area will increase plant cover and soil
fertility, thus impacting positively on erosion, fuel supplies, watershed management, etc. When
livestock feed is more efficiently converted into animal products, human nutrition may improve
and income may increase which in turn is likely to encourage investment in crop production,
human health and education. This intensification process is generally positive environmentally
and economically, although not necessarily socially.
As the problems of impact assessment are rather intractable (within the space of a short
essay), a fairly simple dual approach is proposed. First, the major components of
environmental impact of current agricultural production systems in Africa (i.e. impact of
cropping, livestock keeping, fuelwood and timber extraction and burning) are summarised.
Second, "danger zones" in which current and future environmental impacts will be most
severe and on which ILCA has focused its problem-solving research will be identified. Positive
and negative effects of ILCA's proposed technologies for these stressed areas will be briefly
examined by reviewing case studies of ILCA's zonal projects.
Causes and effects of environmental impact
Introduction
The focus of this essay is directed primarily to human activities within rural settings of livestock
and crop production systems prevailing on the African continent. This limited focus does not
ignore the heavy burden on the environment exerted by exploding urban sprawls in most
African countries. When regarding the overall "state of the environment of the continent" this
urban impact must be considered.
Following this approach, a paradigm is postulated stating that the direct human impact on the
environment is exerted mostly through the manipulation of the soil surface and its plant cover.
Soil tillage is largely associated with cropping and its facilitation (land clearing prior to
cropping, burning), while the modification or removal of plant cover is linked with other major
human activities related to product extraction (livestock feed, fuel, timber). These direct
impacts may have wider environmental effects on the surrounding landscape, such as air and
water quality and ultimately also on global warming.
Relative rates of impact are governed by two major interacting factors:
· population pressure expressed as the number of rural persons per km² within
specified time-frames (i.e. past, present and in the [near] future)
· "resilience" of the local environment, approximated by land quality (rainfall,
length of the growing period (LPG), landforms, soils, vegetation cover).
To construct a simple framework for impact analysis, a cause and effect matrix is proposed
where population density and environmental resilience are the two main factors. As the scale
of analysis concerns regions or nation-states (covering land areas of up to several million
square kilometres), agro-ecological zones are proposed as proxies for scaling resilience
(Table 1).
Table 1. Sources of pressure and their impacts by agro-ecological zones in sub-
Saharan Africa at two levels of population density.
Zone Semi-arid Subhumid Humid Highlands 1
Population density low high low high low high high
PRESSURES
Grazing XX XXX X XX X X XXX
Cropping X XX X XX X XX XXX
Land clearing XX X XX X XXX X X
Fuel extraction X XXX X XX X X XX
Fires/burning XX X XXX XX XX X
Timber extraction X XX X XX XXX X X
IMPACTS
Wind erosion XXX XXX X X - - X
Water erosion X XX X XX X X XXX
Soil fertility depletion X XX X XXX XX XXX XX
Pollution of water sources X X X XX X X XXX
Air pollution XXX XX XX X XX X X
Importance ranking: XXX=major; X=minor
1. Jahnke used LGP as criterion to distinguish zones: 90-180, 180-270 and 270 days of LGP characterising
the semi-arid, subhumid and humid zones, respectively. The highlands are defined as land where the mean
average daily temperature during the growing period is less than 20°C (Jahnke, 1982: p. 16).
Rates of plant removal are related to population density and the associated intensity of
different human activities. Impact rates of these activities depend on the types of agricultural
production systems and are modified by zonal and site-specific resilience. For instance, the
fraction of plant removed by grazing increases with livestock density but is reduced by
increased feed supplies per unit area and the proportion of rangeland within a target region.
This fraction is a function of rural population density and the demand of arable land for
cropping per inhabitant. Also, the potential for fire as a tool to manipulate or reduce plant cover
and for fuelwood and timber extraction increases with the LGP. These potentials are inversely
related to population density and to the intensity of past and current land use (Table 1).
The analysis assumes that the effects of human activity on the environment, singly or
combined, approximate impacts. Effects and their related impacts are considered additive,
although in reality interactions between different sources of impact may be important. In order
to facilitate quantification, causes of impact are transformed to pressures that act on the
environment: i.e. pressure of cropping, of grazing livestock, extraction of fuel wood and timber
and of burning. Each of these pressures will be briefly discussed.
The major impacts on the environment have been listed in Table 1 for the four major agro-
ecological zones at two levels of rural population density. Population pressures of both people
and livestock can be quantified and usually have close linkages with other associated human
activities. Rates of impact decline with ecosystem resilience, which is usually strengthened by
increased rainfall and LGP and/or with greater land suitability - the main attributes that
determine the support capacity of the land (Higgins and Kassam, 1984; Higgins et al, 1987).
Types and sources of impact vary with zones. While in the semi-arid zone wind erosion may
dominate the overall impact in regions with aeolian soils (Mortimore, 1989), water erosion and
air pollution caused by fires may constitute major contributions in the more humid zones.
Depletion of soil fertility will be important where soil nutrient removal exceeds nutrient supply
due to shortened fallow periods, high fire frequency or the feeding of crop residues to livestock
(Grove, 1991).
Listing the components of pressure and their interactions will help identify "danger areas"
where the human support capacity of land has been or will become insufficient to feed its
population and where, as a consequence, environmental degradation is likely to be greatest.
These "danger areas" are those for which immediate remedial solutions should be found
requiring research inputs to guide the process of sustainable intensification of land use. It is in
this light that the current and future impact of ILCA's research is seen.
Grazing Pressure
It is postulated that rates of plant removal by livestock are related to their density and the
edible feed quantity per unit area. Thus, feed supply and demand ratios can be estimated
from feed assessments and livestock numbers2. Feed supplies generally increase with higher
rainfall and longer LGP while inter-annual variations of supply follow an opposite trend (de
Leeuw and Tothill, 1990; le Houérou et al, 1988). Livestock numbers are generally available
by country and broken down further by administrative units within countries.³ However, census
data are often estimates and notoriously unreliable (de Leeuw, 1990).4
2 These ratios can be calculated; if it is assumed that livestock are allowed to consume about 30% of the
annual biomass, 5.3 t of dry feed is required per Tropical Livestock Unit (TLU of 250 kg) per year. Thus, at
livestock densities of 5 and 20 TLU/km² available feed should approximate 0.3 and 1.1 t DM per ha of
accessible grazing land. Minimum permissible herbage yields would be lower if a less conservative "proper use"
factor is allowed (de Leeuw and Tothill, 1990).
³ For a recent analysis of livestock populations and their feed requirements by agro-ecological zone and
geographic regions in Africa and the various scenarios of projected changes up to 2025, see Winrock (1992).
4 Apart from sampling and actual counting problems, successive livestock counts may vary widely due to herd
movements (sometimes across international boundaries) and inter-annual fluctuations due to drought and
epizootic disease outbreaks such as rinderpest (IEMVT, 1989). Even if aggregate livestock densities are
reasonably accurate, ratios between feed supply and demand may be meaningless when the spatial
distributions of both components are highly variable. A wide range of removal levels may co-exist over short
distances due to the location of water points and settlements. Thus, even at low livestock densities pockets of
excessive grazing pressure can be found (See Solomon Bekure et al, 1991 for Maasai in Kenya; Coppock,
1991 for Borana in Ethiopia).
In many areas, estimated feed resources exceed demand by livestock, thus supporting
conclusions drawn in the Winrock study (1992) that animal agriculture is seldom the initial
cause of degradation and does not significantly contribute to desertification, deforestation or
erosion. However, the risk of negative impact from grazing livestock increases with rising
densities. Areas at such risk are found in the semi-arid zones of Nigeria; Cameroon, the
Gambia, Ethiopia and Tanzania (20-35 cattle/km²) and in most east African highlands where
cattle densities average about 40 head/km, but rise to 85 h/km² in Kenya and 105 h/km² in
Uganda (Jahnke 1982; WR, 1988). At these densities there may be severe localised impact
varying over time and in space: in time, because certain grazing areas are only exploitable in
the dry season (flood-plains, fallows, cropland) while spatial restrictions are imposed by
cropping and burning, and due to thicket formations and disease risks. All these factors may
create intricate mosaics of over-and under-utilised areas (Solomon Bekure et al, 1991; de
Leeuw, et al, 1990b; Wilson et al, 1983; Coppock, in press).
Cropping Pressure
It is postulated above that the environmental impact from cropping and associated activities
(land clearing, burning) depends on the resilience of the habitat and rural population density.5
Pressures on land from farming communities are two-pronged: towards the arable land as a
result of cropping and depletion of soil fertility due to erosion and towards non-arable land due
to grazing, fuelwood cutting, hunting and gathering of wild produce. It is likely that whatever
the ratios between these two major land suitability categories, both pressures are re-enforced
by increasing human population density. Given the high priority of cropping to ensure food
self-sufficiency, demand for cropland will foster encroachment into more marginal areas of
higher fragility, thereby exacerbating environmental risks. It is within this context that
intensification of land use as an alternative to expanding cropped areas should be seen. It is a
main domain within which ILCA's research thrusts are operating.
5 Cropping pressure is usually directly related to the rural population because constraints in cropping
enterprises using mostly manual labour, lead to fairly fixed cultivated areas per worker. This equation may be
less valid in production systems using animal traction. However, weeding by draught oxen is less efficient than
for tillage operations, thereby curtailing the unlimited expansion of cropped land (Jutzi et al, 1988; Gryseels,
1988b; Bonnet, 1988).
Extent of Fires
As indicated in Table 1, the incidence of fires is most common in the subhumid zone, reaching
its greatest spread in areas of low population density. However, in the moister parts of the
semi-arid and humid zones, where the original forest has been converted to secondary more
open vegetation types, fires also commonly occur. Quantifying the areal extent of fires across
Africa has not been undertaken, although low-altitude aerial reconnaissance surveys (Marks
and Faye, 1990; de Leeuw, et al, 1990), and recent advances in remotely-sensed
assessments are likely to provide better estimates in the near future (Malingreau et al, 1989,
1990; Langaas, 1989).
Use of fire by rural populations has several objectives: 1) slash and burn (mainly in the more
humid zones) and burning of crop residues prior to land preparation for the next growing
season; 2) burning of rangelands to destroy dry standing foggage either to provide green
herbage regrowth for livestock or as an aid to flush out wild game. While most fires are
purposely started, little fire control is practiced. Thus, accidental spread is believed to be a
major contributor to the extent of fires.
It is estimated that for the entire continent, 25% of the semi-arid zone, 40% of the subhumid
zone and 7% of the humid zone are set on fire annually. Due to high pressures from people
and livestock, the rate of burning in the highlands is estimated at 10% of the area and mostly
confined to crop residue burning (See note at end-page).
For the entire sub-Saharan continent (excluding Madagascar and South Africa) about 3.3
million km² may be set on fire annually. The largest contribution in terms of burned area extent
comes from the subhumid zone (57%) followed by semi-arid regions (32%). However, if the
amount of combusted biomass is taken into account, 70% of the 800 million tonnes of dry
matter originates in the subhumid zone and 12-16% each in the other three agro-ecological
zones.
Fuelwood Extraction
In rural Africa, 80-90% of the energy demand (mostly for food preparation) is derived from the
woody vegetation (Openshaw, 1984). Given the high transport costs, supplies come from the
close vicinity of rural homesteads, either from farmers' own land, or from communally held
areas. Therefore the impact of fuelwood cutting is localised and directly related to site-specific
population density, in contrast to the supply to larger urban centres (Mortimore, 1989; Wilson,
1980).
Standing woody biomass depends on vegetation type but generally increases with LGP.
However, this relationship is modified by human action and it is therefore easier to express
standing woody biomass in terms of actual vegetation physiognomy or structure (Table 2).
The table shows that fuelwood resources may vary from 500 to 6000 t of woody dry matter per
km² Hence, the fuelwood support capacity (expressed as rural people/km²) depends on three
inter-related attributes: the proportion of uncultivated areas, the vegetation structure and the
annual growth rate of each type. For Burkina Faso, aggregated growth rates were estimated
to increase from 70 kg/ha in the drier part of the semi-arid zone to 600 kg/ha in the northern
part of the subhumid zone. 6 At an average consumption rate of 0.5 t/caput/a and an assumed
proportion of 60% of uncultivated land, fuelwood supporting capacity would increase from
8/km² to 70 persons/km² over this range of annual increments.
6 Groten (1991) correlated remotely-sensed data (AVHRR vegetation index) to annual growth rates of woody
biomass derived from FAO for 30 districts in Burkina Faso and extrapolated these for the entire country.
Table 2. Estimated standing woody biomass (t DM/ha) in selected vegetation types.
Farmland fallows and shrublands Woodlands and dry forests
Farmlands, semi-arid 5 Acacia woodlands, semi-arid 20
Fallow shrublands 8 Acacia woodland, highlands 50
Sand dunes, semi-arid 3 Woodlands, semi-arid 30
Recent fallow, subhumid 7 Dense shrublands, subhumid 33
Open shrubland, subhumid 22 Woodland, subhumid 60
Compiled from Franklin and Hiernaux (1991: Table 2, p. 1393).
From this analysis it is evident that in the semi-arid zones of West and East Africa, and in
most of the highlands, rural population densities are well above the critical supporting capacity
(Jahnke, 1982; WR, 1988). As a result, rates of extraction are often far in excess of sustained
annual increments leading to rapid deforestation (WR, 1988; Sow, 1990).
Deforestation
The rate of deforestation can be seen as the aggregated exploitation of woody biomass for
fuelwood, and timber for local industrial use and export. Bush and forest clearing for farming
and destruction by fire should be added to the overall total. However, the annual rate of
afforestation and natural regrowth and regeneration in previously deforested areas should be
subtracted from this percentage to quantify the net rate.
For Africa, the annual extracted volume was estimated at 370 million m³ of fuelwood and
charcoal, 410 million m³ of roundwood and 46 million m³ of sawn timber, indicating that woody
material for local use comprised 94% of the total (WR, 1988). Of this total, about 10 million m³
p.a. was exported during 1984-1990 and this is expected to rise to 40-50 million m³ during
2000-2005 (WR, 1988). Fuelwood consumption averaged 0.8 m³ (or 0.56 t) per caput as
compared to 0.9 m³ of local roundwood, both rates being similar for each of the 37 countries
included in the WR analysis.
Industrial timber production averaged 0.1 m³ per inhabitant. Output was very low in the
Sahelian countries, East and Southern Africa (0.05-0.08 m³/caput) but much higher in West
and Central Africa (0.26 and 0.16 m³ respectively). Of the total output, the central African
region (Gabon, Zaire, Congo, CAR) produced 14%, Nigeria 23% followed by Côte d'Ivoire and
Cameroon with 13% and 8%, respectively (WR, 1988).
Estimated rates of deforestation showed similar trends. For the entire continent, the annual
rate was 0.2% of the total land surface (with exclusion of the arid zone) amounting to 31,300
km². All regions were close to this average except in subhumid and humid West Africa (0.6%)
and Nigeria (0.4%), in line with their above-average rate of industrial timber extraction for local
consumption and export.
It is not easy to segregate the various pressures that contribute to the overall rates of
deforestation, in particular in the southern fringes of the subhumid and humid zones. The
World Resources Institute (WR, 1988: p. 71) stated:
"The main cause of deforestation in tropical closed forests is clearing for
agriculture to feed growing numbers of people or (to a lesser degree) to earn
foreign exchange from exports."
"A contributing cause of deforestation is the impact of intensive land use on the
poor soils of the humid tropics. Permanent field cropping depletes soil fertility or
causes soil erosion if it is too intensive. As soil fertility declines, crop yields fall
and more forest must be cleared to maintain the level of food production. When
yields drop too low the land is abandoned."
"Logging in the tropical rain forests is not usually a direct cause of deforestation
because it is mainly selective and clear-cutting is rare. Only a few of the
thousands of tropical trees species are commercially acceptable. Selective logging
usually removes 2-10 trees per hectare or 3-30 percent of the total timber volume.
However, selective logging does disturb the forest canopy, and the composition
and functioning of the forest ecosystem are modified to varying degrees The
extent and duration of these disturbances are not currently known. At the very
least; logging degrades the forest ecosystem and can also lead to subsequent
deforestation. After loggers have left the area, farmers may use logging roads to
gain access to clear the forest for growing crops."
This scenario is most apparent in the densely populated areas of the humid zone (Nigeria and
to a lesser extent in Ghana, Sierra Leone and Guinea), but hardly applies to Central Africa
and Cameroon (Grove, 1991). While Grove paints a gloomy picture of the state of the original
tropical rain forests in Africa and the enormous losses of biodiversity, recovery of woody
vegetation is rapid, leading to the establishment of secondary vegetation types.
When population density rises, slash-and-burn techniques are abandoned and replaced by
more settled modes of cultivation often maintaining high vegetation cover (Raintree, 1987).
Woody cover is high because farming systems consist of a mixture of tree crops, root and
cereal crops while a high woody cover is retained in gardens surrounding compounds. An
example of such a system is found in Anambra state in Nigeria where population densities
from 100 to 400/km² and woody cover from 30 to 50% are recorded (RIM, 1990).
Synthesis and Conclusions
Following the simplified approach of quantifying pressures and equating them to actual and
potential environmental impacts, it seems feasible to construct a two-tiered matrix that aligns
ecosystem resilience on one axis and aggregated pressure on the other. Since it was further
assumed that most sources of impact are associated with rural population density and the
pressure exerted by livestock, a double-pronged assessment of pressure is required that
merges human and livestock densities.
Following on from this approach, a relative scaling can be designed that sets resilience (or
sustained human support capacity) off against levels of pressure, with low pressure and high
resilience at one end and the reverse of these attributes at the other, thereby identifying
"danger areas".
"Danger areas" are found mainly in the semi-arid zone where human and livestock densities
are high. In West Africa, Niger, Senegal, The Gambia and Northern Nigeria fall in this
category; lower on the scale are Burkina Faso and Northern Cameroon. In East Africa,
"danger areas" are found in north-eastern Ethiopia and in parts of Kenya. Pressures are much
lower in Southern Africa, except perhaps in Malawi and Lesotho.
On the whole, the subhumid zone is less densely populated. Relatively high pressure areas
are confined to West Africa; in particular, Sierra Leone, Côte d'Ivoire and Togo with human
densities of 40-80 people/km², but with relatively low livestock pressure. In East and Southern
Africa, the coastal areas may fall in the medium pressure group, whereas high levels occur in
the medium-potential bimodal rainfall areas of Ethiopia and Kenya, where maximum densities
of up to 200 people and 300 TLU/km² have been recorded (Tessema et al, 1988, de Leeuw et
al, 1990a).
The humid zone has a low human density except in Nigeria, Ghana, Sierra Leone and Guinea.
However, due to fairly resilient ecosystems and the development of adapted three-tiered
systems (trees-crops-livestock), danger levels have not yet been reached. A similar
conclusion may be reached in the highlands, where several productive farming systems have
developed involving mixed enterprises combining cash crops (coffee, tea), food crops (maize,
wheat) and intensive milk production (Gryseels, 1988b; van der Valk, 1985). However,
extension of such systems into less well-endowed areas at the fringes of the highlands has
created "danger zones" (Parry et al, 1987; Tessema et al, 1988).
Although the analytical approach used in this essay differs from that of the agro-ecological
zone project of the FAO, the identification of "danger areas" produced similar results
supporting the rather pessimistic conclusions about Africa's capacity to feed itself (Higgins et
al, 1987: p. 179).
"If individual growing period zones are considered within a country which is
attempting to attain self-sufficiency in food from its own land resources, large
critical areas are found whose land resources are already insufficient to meet the
needs of their populations. At low levels of inputs, such critical areas extend
through almost the whole of the Sahel through southern Sudan into the drier parts
of Ethiopia, Somalia, Kenya and Tanzania, into the highlands of Rwanda and
Burundi and into the drier parts of southern Africa. The total areas is no less than
1.3 billion ha (60% of the continent's land surface), in which more than 183 million
people, half of the population of Africa, have their homes. More than 100 million of
these people cannot be fed from the land resources of the area at low levels on
inputs."
"At intermediate levels of inputs, these critical zones become smaller, but large
parts of semi-arid Africa remain critical. Their areas are 1.0 billion ha and they
contain 73.4 m people, of whom 42.5 million cannot be fed from the land
resources of the area. Difficulties remain even with high levels of inputs, affecting
881 m ha and 44.3 m people of whom 26.5 m cannot be fed from the land
resources in the area..."
It is against this challenge that ILCA's research should be viewed. While at its inception ILCA's
focus was on pastoral and agropastoral systems in the arid and semi-arid zones, geographical
emphasis of its research gradually shifted to the "danger areas" in the Sahel (Niger, The
Gambia), to East Africa (eastern and coastal Kenya) and the highlands in Ethiopia. At the
same time it was realised that in the subhumid and humid zones danger levels were not yet
reached. Nonetheless more sustainable and productive farming systems were required in
anticipation of the continued overall population growth and of major shifts of population
pressure from over-populated areas in the semi-arid zone and in the highlands (Bonnet, 1988;
Hykoop et al, 1991; Wilson et al, 1983).
Impact of ILCA's research
Introduction
It was argued earlier that land use intensification would continue on an ever increasing pace
driven by a higher demand for livestock products due to general population growth and further
urbanisation. This process would be greatly assisted by the wide range of innovation
packages emanating from research conducted by NARS and ILCA. If properly adopted on a
wide scale, the impact on the environment would be mostly positive.
In what follows, a limited number of ILCA research projects are briefly summarised with
emphasis on potential hazards to sustainability and the environment. This approach implies
that the positive impacts of ILCA's research are mostly taken for granted, given that its
research is likely to promote 1) greater feed resources of higher nutritive value per unit area,
2) balanced use of these supplies by livestock through proper feed budgeting and allocation
taking into account the requirements of different classes of stock and 3) effective nutrient
cycling to counteract soil fertility depletion on the one hand and increasing crop yields on the
other. This in turn leads to increased supplies of crop residues.
The case studies are selective and the analysis is neither thorough nor exhaustive. The
analysis has two parts. In the first, case studies are mostly related to innovations emanating
from production research, while in the second part the potential impact of policy research is
briefly considered.
Risks of land use intensification
Erosion and pollution
The Winrock report (1992) predicts intensified milk production and a trend towards fattening of
cattle and small ruminants. This will mean increased stall-feeding of animals in rural or peri-
urban homesteads.
Apart from securing and maintaining daily feed supplies involving dense grids of access roads
with high risks of gully erosion, livestock densities in small compounds pose potential
problems of sanitation, hygiene and water pollution exacerbating the existing pressure of high
human occupation rates in compounds. Given the lack of resources of most small farmers, it is
unlikely that they can afford the investment in infrastructure required to satisfy minimum safety
standards. These risks are probably most severe in peri-urban settings where population
density is high, adding further pressure on the environment due to fuel burning, refuse
dumping, waste water etc. These environmental hazards need considerations as ILCA is
currently involved in intensive research on peri-urban milk production in several areas (in Mali
around Bamako; in coastal Kenya near Mombasa, near Kaduna in Nigeria and around Addis
Ababa in Ethiopia). However, farming system research carried out by ILCA has highlighted the
resource endowments and socio-economic context within which these likely developments are
taking place. Thus, risks to environmental quality can be anticipated and remedial action
contemplated.
Erosion, water pollution and overgrazing
In Ethiopia there are some 8 m ha of vertisols out of which 2 m ha are cultivated, contributing
30% of the total cultivated area in the land area above 1500 m a.s.l. Vertisols have a high
water-storage capacity and become water-logged during much of the growing season. ILCA's
research is aimed at raising the potential of these soils in what is one of the most densely
populated regions of the African continent. As animal draught power is commonly used in the
highlands, the project has undertaken to:
· Design and construct effective low-cost animal-drawn implements to shape
broadbeds for improved surface drainage and to broaden their use for weeding,
planting and secondary cultivation.
· Test promising cultivars of both food and forage crops in alternative cropping
systems such as sequential cropping, inter-cropping, alley farming and feed
gardens.
These innovations have been shown to reduce labour costs for tillage, planting and weeding,
while increasing crop yields of wheat from 0.6-0.8 to 1.0-1.8 t/ha of grain. Forage resources
were increased by higher cereal straw yields and by successful introduction of forage legumes
either as cereal/legume intercrops or as a short-term cash crops early in the growing season.
For an average farm size of 3 ha of which 2.6 ha is cultivated and supporting 5.5 people and
about 5 cattle (including 1.6 work oxen), total grain and forage production per farm ranged
from 2 to 3 and from 5 to 10 tonnes, respectively, indicating surplus production in grain but
insufficient feed for livestock during average and low-rainfall years.
Several environmental risks need consideration:
· Run-off and associated soil losses were greater from broadbeds and furrows
(BBF) than from flat seedbeds varying from 2.2-7.0 t of soil loss/ha in the former.
· Dry spells soon after planting could affect crop establishment on BBF, increasing
erosion hazards during subsequent rains, in addition to wiping out investments in
seeds and fertilisers. Similarly, excess run-off from fertilised areas could cause
pollution downstream, in particular, since vertisols occur on the lower slopes
bordering drainage lines feeding into larger streams.
· Feed self-sufficiency in good years may improve herd growth while the selling of
grain surplus may reduce livestock sales or even stimulate further investment in
livestock, all leading to higher livestock densities per farm. In years with high
rainfall, crops may fail as BBF may not cope with excess moisture, while in dry
years feed supplies could drop, leading to severe overgrazing, in particular when
widespread, emergency sales force livestock prices downward, discouraging off-
take (Gryseels, 1986b; Jutzi et al, 1988; ILCA, 1990).
As with improved land management in Ethiopia, risks of erosion and downstream pollution
may also occur in subhumid Nigeria when ploughing up small floodplain areas with animal
traction for intensive rice production. Although the need to regulate the flow of water is
recognised (ILCA, 1987), it may be questioned whether small farmers unaccustomed to
animal-powered cultivation in riverbeds fully comprehend these risks and take measures to
cope with unexpected flash floods. While first-year rice yields were impressive (an average of
3.8 t/ha for 12 tested varieties) straw yields ranging from 4 to 8 t/ha were earmarked as
potential livestock feed. However, more often than not in areas of relatively low population
density, these residues are incompletely used by stock and burned prior to the next planting
season, further exacerbating erosion risks and impairing the sustainability of this innovation.
Overgrazing and bush encroachment
Fodder banks are rightly regarded as an appropriate technological package for the subhumid
Zone and its adoption has been widespread not only in Nigeria (Otsyina et al, 1987), but
increasingly in the cotton growing zones in Mali and Burkina Faso (Hykoop et al, 1991;
Berkmoes et al, 1990; Bonnet, 1988). Environmental risks seem minor and in general,
environmental impact is positive. However, the rapid spread to groups other than the
agropastoral Fulbe (45% of a total of 530 fodder banks owners interviewed (ILCA, 1989)) may
lead to problems as livestock husbandry and management of grazing land have no long-term
tradition among settled farming communities in subhumid Nigeria. Poor management may
lead to overgrazing, weed and shrub infestation in fenced fodder banks unless the promotion
of the technology is accompanied by vigorous extension efforts. Many of these problems can
be avoided if the fodder banks are utilised as short-term grass-legume leys. This ley after 3-4
years of use for grazing can be turned into crop-lands, which was found to produce much
higher grain yields than from bush-fallow. As the stylo seed remains viable for several years,
the ley was successfully re-established after the cropping phase producing grazing of high
legume content. (ILCA, 1988; ILCA, 1989).
In Mali, Stylosanthes is oversown in fallows as part of the innovation packages promoted by
the "Compagnie Malienne de Developpement de Textile" (CMDT) and also by ILCA in the
peri-urban area around Bamako (ILCA, 1988). Growing cotton for cash is a major aim
requiring animal traction to intensify tillage and lower labour cost. Demand for oxen is high
and less likely to be met by surplus stock from pastoral areas further north. As a result,
farmers invest in cattle to raise their own traction animals leading to rapid increases in grazing
pressure (Leloup and Traore, 1989; Leloup and Traore, 1991).
As in Nigeria, managerial capacity of settled farmers is limited. In contrast to Fulbe herd
owners, settled farmers rarely herd their livestock themselves. During the growing season
communal herds are formed and herded by hired (usually Fulbe) herdsmen. In the dry season,
most stock are left unherded and have free access to all unfenced lands (Bonnet, 1988).
Since usufruct rights over fallow land are not recognised or are ill-defined, enriched fallows
attract excess livestock and often become heavily overgrazed. In many areas, livestock and
cropping pressures have become a serious problem, leading to serious soil erosion; severely
degraded areas increased from 16-18% in 1952 to 43-94% in 1987 (Hykoop et al, 1991).
When intensification leads to increased grazing pressure, standing biomass often becomes
insufficient to permit regular fires. Although fires contribute to reduction of plant cover and to
global warming, they, when properly managed, have the positive effect of retaining optimal
tree/grass ratios. Vigorous shrub regrowth may invade poorly managed fodder banks, making
them inaccessible to grazing stock, thereby increasing the pressure on less wooded
rangelands.
While bush encroachment is a serious risk in the subhumid zone, similar problems are also
encountered in the semi-arid zone in Southern Ethiopia occupied by Borana pastoralists. ILCA
conducted research on improved calf feeding, introduction of hay-making and improved milk
processing and marketing to intensify the system and increase income for a rising population.
However, this entire package induced more permanent settlement and increased the grazing
pressures around encampments. This led to lower fire frequencies and as a consequence to
invasion of Acacia spp forming dense thickets. Although such shrub infestation is not
irreversible, the carrying capacity of the community's grazing orbit is reduced - at least
temporarily - producing a backloop syndrome of less fires and more shrubs (Van Wyngaarden,
1986; Coppock, 1990; Coppock, in press).
Trypanotolerant cattle
Research has established that the trypanotolerance of N'Dama cattle is genetically controlled
and of high heritability. Thus, a means now exists for selecting highly trypanotolerant animals
and for implementing rational breeding programmer (Trail et al, 1990; Trail et al, 1991). Such
programmes would promote the introduction or expansion of the N'Dama into tsetse-infested
areas and provide a sustainable way to increase livestock production and develop mixed
farming systems. Such an approach would be less environmentally hazardous than tsetse
control through the use of insecticides, even though the use of simple insecticide-impregnated
traps and screen appears a safer method of control. However, introduction of trypanotolerant
cattle into new environments may be a risk where no tradition of livestock husbandry exists
and mixed farming systems need a long and well-guided learning period to adapt and develop
environmentally sound management. Within West Africa, where the major expansion of
tolerant cattle is likely to occur, mixed farming systems have evolved along with the
diminishing tsetse challenge. It is on these systems that research by ILCA and NARS has
focused and for which sustainable innovations (like fodder banks and alley farming) have been
found. Less on-shelf research may exist for Eastern and Southern Africa, where no
trypanotolerant cattle have evolved and therefore no adapted mixed farming systems exist
that could function as prototypes on which new systems could be based.
Impact of Farming Systems and Policy Research
The importance of this research within the context of impact analysis has been discussed in
the introductory essay and a case study was given highlighting the issues of land tenure and
property rights to trees relative to the adoption of alley farming. The Winrock report (1992)
underlines the need for tenure reforms to protect and regulate the use of land for grazing
purpose. It is in this domain that ILCA's farming system research has had major impact. From
1987 to 1990 more than 100 publications described farming and livestock systems in Nigeria,
Mali, Ethiopia and Kenya. For each study area, land, crop and feed resources were described,
and land utilisation, tenure and management practices were analysed in terms of constraints
and opportunities for sustained land-use intensification.
While recent studies have focused on the higher potential areas (subhumid, humid, highland
zones), research in the early 1980s concentrated on pastoral and agropastoral systems in the
arid and semi-arid zones. These covered the Maasai production systems in Kenya (Solomon
Bekure et al, 1991; Grandin, 1987; Grandin et al, 1990), the Borana system in Southern
Ethiopia (Cossins and Upton 1987; Coppock, in press) and the complex Fulbe and
Tamacheck livestock and cropping systems in the inner delta of the river Niger in Mali (Wilson
et al, 1983; Marie, 1983; Hiernaux et al, 1983). In addition, long-term research in the arid and
semi-arid Sahel has elucidated the dynamics of the feed supplies coming from rangelands
consisting mostly of annual grass and herbs. The research shows that while grazing livestock
may reduce annual feed supply, they have little impact on feed resources in the long term
since each year the regeneration from seed is governed independently by biotic factors such
as rainfall events and local habitat characteristics (Ellis, 1991; Hiernaux et al, 1989). While
these studies were initially location specific, they often focused on broader issues and
common themes evolved. Among these, a consensus about the rationality of production
strategies in line with aims and goals of the producers emerged, while the weaknesses and
strengths of resource exploitation (involving mobility and opportunistic management) attracted
wider recognition as appropriate tools to enhance livestock output and sustained household
viabilities within variable and unpredictable environments. Highlighting the increased
involvement in the market and the wider economy exposed the vulnerability of producers to
outside influences (the state, the politicians, lawmakers) and allowed predictions of future
developments.
These studies may assist to further redirect livestock development, which according to de
Haan (1990) failed because of 1) a general misunderstanding by developers of traditional
African livestock systems and their adaptability and efficiency; 2) an attempt to apply Western
models of ranch management directly to tropical livestock systems and 3) the introduction of
inappropriate technology.7 The studies also supported the general consensus that
democratisation and decentralisation of power may positively effect tenure arrangements by
increasing local power structures, by handing back land-use control to the actual users
(Winrock 1992). This process of privatisation of feed and water resources in pastoral areas is
already evolving in many parts of Africa and development efforts to restore local control over
land and its resources have been promoted widely, in particular by NGOs with strong
grassroots support in rural areas (Oxby, 1990).
7 The second reason why development failed was succinctly analysed by Perrier (1990) and Grandin (1987).
They described the context within which the concepts of the range management profession developed. These
concepts originated from industrial countries (US, Canada, Australia, South Africa), where commercial ranches
are the predominant range-livestock production system. On those ranches livestock is controlled by fencing,
while producers have exclusive property or grazing rights. They also are integrated into the political process and
share a common, cultural heritage. In addition, as Ellis (1991: p. 4) argued, the range management model
assumed a climatically stable environment in which livestock management is used to control range condition by
manipulating feed supply and demand.
Increased control of feed, fuel and water resources and their management will also become a
prerequisite for sustained livestock productivity in higher potential zones. If, as Winrock (1992)
predicts, the combined effects of accelerated economic growth, increased population pressure
and further urbanization drives up demand for livestock products, production systems will
intensify, increasing the demand of feed supply from local sources. The feed requirements of
more productive stock (milk cows, work oxen, steers and sheep for stall-fattening) has shown
to encourage privatisation of feed supply to enable stock owners to conserve crop residues,
cutting of grass in fodder reserves and laying claims on valuable fodder trees (Bonnet, 1988).
This privatisation may facilitate more judicious use of fire and promote resource management
by individuals. Their combined action may increase community control over local resources
(Hykoop et al, 1991).
However, other scenarios may prevail. With greater demand for livestock products, individuals
may exploit resources or act in ways harmful to the environment. While regulations could force
individuals to pay the social costs of their actions, most governments lack the ability to carry
this approach very far (Winrock, 1992). ILCA appears well placed to create or strengthen
awareness of the environmental effects of agricultural and economic policy and promote
training in environmental impact and policy analysis.
Conclusions
A major objective of impact assessment is to promote and facilitate integration of impact into
the planning and the execution of the research programme. As noted in the General Issues
paper, to promote such integration, researchers must be aware of the multiple ways in which
interventions may transform systems and consider the potential risks and costs for the
individual, community and global environment. It is also important to be reminded that
economic, social, political and ecological systems are interconnected - transformations in one
area may impact on other areas as well.
Given these inter-relationships, it seems desirable to put environmental impact within the
context of sustainability. The Technical Advisory Committee of the CGIAR (1989: p. xi) defined
sustainable agriculture as "the successful management of resources for agriculture to satisfy
changing human needs while maintaining or enhancing the quantity of the environment and
conserving natural resources." It is further suggested that sustainability concepts be
incorporated into the research process at three different levels; "as a criteria for new
techniques, as factors shaping the way that new techniques are designed, and as a set of
objectives around which to organise research." It seems that these general principles are
particularly well suited to assess environmental impact.
In the brief discussions of "case studies" concerns of impact were expressed that related to
the spatial, temporal and social dimensions of impact. As regards the spatial dimension,
researchers should think in terms of watersheds, catchment areas, landscapes and
ecosystems as progressively larger spheres that are impacted upon. The temporal dimension
should include scenario predictions that include probabilities of climatic events (e.g., rainfall),
of pests and diseases and of the changes in land use and resource exploitation (soil nutrients,
livestock feed, etc.) that may alter the projected costs and benefits of techniques and
interventions in the future. Social dimensions and interactions with potential environmental
impact need consideration as the process of intensification depends largely on human labour
and the task allocation within the production unit. This implies that changes in labour
availability may have serious consequences, if, for instance, certain expected tasks related to
sustained and environmentally sound resource management are no longer performed.
Finally, the wider environmental impacts that might occur at higher levels of the spatial and
economic pyramid need consideration. While at the local level, intensified land use has mostly
positive effects, higher incomes of the rural population may increase and change consumption
patterns. Surplus cash may be invested in labour-saving equipment, better housing, increased
pesticide and fertiliser use, mechanised water provision. Some of these changes may have
negative environmental elements. Surplus income will be diverted to luxury consumption
which usually involves higher energy use, increased travel and more waste - all the elements
normally associated with a more prosperous consumption economy. These changes are
unavoidable consequences of rifting the low-input small-scale farmer to a higher plane of land-
use intensity and output generation exceeding subsistence needs.
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Note
Estimated rates of annual burning (% of area by agro-ecological zone and population
density):
Density (persons/km²) Zones
Semi-arid Subhumid Humid
< 10 30 50 5
10-50 20 30 10
>50 10 20 20
Combusted material is estimated at 1 t DM/ha in the semi-arid and highland zones, and at 3 t
and 5 t in the subhumid and humid zones, respectively. The areal extent of annual fires was
derived from a two-way matrix using zones and population density. While in the drier zones
the proportion of burned land is inversely related to population density, in the humid zone the
reverse is assumed due to a linear relationship between population and slash and burn
activity. However, there is a critical density (100/km²) above which more settled cropping
replaces shifting cultivation and use of fire is likely to diminish.
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Introduction
With his study of US hybrid maize research, Griliches (1958) became the first economist to
study the economic returns to agricultural research. Since then over a hundred studies have
estimated returns to a variety of research programmes. Most studies present estimates of the
returns from past investments that have yielded new knowledge (often embodied in some
input or technique) that has been put to practical use by the time of the study. That is, most
studies have been ex post analyses of the actual impacts of past research investments
(Pinstrup-Anderson, 1982; Ruttan, 1982).
This paper explores the potential for future economic impacts to arise from the current and
future research activities of international agricultural research centres (IARCs). Special
attention is given to the livestock-related research conducted by the International Livestock
Centre for Africa (ILCA). Unfortunately a method for quantifying potential economic impacts
has not been well-developed to date. Most analysts have simply applied ex post methods and
have thus ignored a fundamental difference between ex post and ex ante analysis: the past is
known with certainty while the future is fraught with uncertainties.2 The next section presents a
model of potential economic impacts under uncertainty that is appropriate for ex ante analysis.
2 However it is important to note that uncertainty also arises in ex post analyses.
In those analyses it is necessary to compare the situation that actually pertained
with a particular research programme to the situation that would have pertained
without that research. The counter-factual without-research situation cannot he
known with certainty (Anderson and Herdt, 1990).
A model of research impacts under uncertainty
Anderson (1991) identifies two general sources of uncertainty in the processes of agricultural
research: uncertainty in the research-innovation process and uncertainty in the agricultural
sector in which the research has potential impacts. Each step of the research-innovation
process is uncertain: the technical implementation of the research, the project's contribution to
knowledge, the dissemination of knowledge and the eventual incorporation of that knowledge
into the production systems of the target group. Within an agricultural sector there is
environmental uncertainty (climate, disease), economic uncertainty (domestic demand,
international market conditions, foreign exchange rates) and political uncertainty (parastatal
management, market regulations, conflicts over resource use).
Anderson (1991) developed a model for evaluating the benefits from agricultural research in
such "turbulent" settings. An extension of that model is described below and presented in
graphical form in Figure 1. This extended model goes beyond Anderson's by giving explicit
consideration to: (1) the different types of activities that are undertaken by international
research centres, national research centres, and national extension services; (2) the different
types of research - production, organizational and policy - that are undertaken at the
international centres; (3) the various pathways by which production, organizational and policy
research have the potential to yield benefits; (4) the length of the lags between the investment
of resources in research or extension activities and the realization of outputs from those
investments; (5) the various ways in which economic impacts could be defined and measured;
and (6) the many sources of uncertainty that separate investments in research and the
realization of actual benefits. The model captures these uncertainties through five stochastic
variables. Repeated simulations can be conducted to develop ex ante probability distributions
of the expected pay-offs that are associated with particular research programmes.
Figure 1. A model of research impacts under uncertainty.
The "Production" of Knowledge by International Research Centres
The first component of the model can loosely be called the knowledge production function. In
general the knowledge produced by an international centre such as ILCA can be considered to
be a transnational public good: that is, a good or service that has potential to affect the well-
being of a population that spans across international boundaries. For example, the target
group of ILCA's research on forage legumes stretches across the subhumid zone of West
Africa (see Case Study 2 in the "General Issues in Impact Assessment").
The knowledge production function defines the relationship between the discovery of new
knowledge and the resources invested by international centres in different types of production
research. The relationship has a temporal lag; in most fields of agricultural research it is
expected that the publication of research results in referred scientific journals will lag behind
the initial research by several years. And the relationship is uncertain. In fact what
distinguishes research from many other fields of human endeavour is that there is less
information available on which to base predictions of research outcomes. Many variable
factors are beyond the control of the most successful scientist or most efficient research
manager (for example, genetic variation, climatic conditions, staff turnover, electrical failures,
computer glitches).
Empirical specification of this relationship would require measures of the research investments
of IARCs (SR) and the knowledge increments that derive from those investments (dK).
Research investments could be measured by investments in researcher years (perhaps
weighted by degree status or experience) and the years of previous scientific endeavour
(Anderson, 1991). Depending upon the type of research and the type of audience, additions to
knowledge could be measured by the number of peer-reviewed journal articles, the number of
presentations at international meetings, the number of extension-oriented documents, or the
number of citations in major journals or review articles. In addition, empirical specification
would require an estimate of the number of time periods that would elapse between research
investments and knowledge increments (a) and the stochastic variable (u1) that captures
uncertainties in the knowledge discovery process. A probability density function for the
stochastic variable could be estimated from historical data and expert opinions
dKt = f1 (SR t-a)+f2u1
 (1)
where
dKt is an increment to transnational knowledge in period t;
f1 (...) and f2 (...) are unspecified functional relationships;
SR measures investments in strategic and applied production research;
a = lag between investment in strategic research and knowledge pay-off;
u1 = stochastic variable capturing the vagaries of the research process within the
international centre.
Technique Development
The knowledge discovered through the research conducted at international centres contributes
to the development or improvement in the techniques available to local agricultural producers,
marketing agents and consumers. That knowledge can have very little actual impact, however,
until it is embodied in production, marketing or consumption techniques appropriate to the
natural, economic and institutional circumstances prevailing in particular environments. This
generally requires further applied or adaptive research: such research is usually the
responsibility of national agricultural research systems and the research output of a NARS
depends upon the investments that it makes in applied research. (Although in some cases,
international centres undertake relatively applied research when they work with the farmers in
their "test groups". See the material on ILCA's livestock systems approach in the "General
Issues" paper.)
The relationship between additions to the stock of techniques that are available to producers
in a particular country 'c' (dTc), increments to the stock of international knowledge (dK as
defined in equation (1)), and the amount of applied and adaptive research undertaken by the
NARS in country c (NRc) is presented in equation (2). As is the case for the knowledge
production function, this relationship has a temporal lag of (b) periods and is subject to several
sources of uncertainty (captured by the stochastic variable (u2)). Note that versions of
equation (2) could be specified for each country in which the transnational knowledge is
relevant.
Investments in adaptive research by the NARS in country c (NRc) could be measured by the
number of local scientists, the degree status of local scientists, number of aid-supported
expatriate scientists, and years of research experience. The stock of available production
techniques available in country c (Tc) should be defined to include both the "modern"
techniques that have been developed and appraised by international and national research
centres and the "indigenous" techniques that have been developed and refined by the trial-
and-error process of innovation and experimentation of the local producers themselves.
Increments to that stock that are attributable to the activities of IARCs and NARS (dTc) could
be measured by the number of techniques that incorporate some new knowledge and are
proven to be technically feasible in tests conducted by NARS research centres.
dTct+b = f3(dKt,NRct) + f4u2 (2)
where
dTc is an increment to the techniques available in country c;
f3 (...) and f4 (...) are unspecified functional relationships;
dK is an increment to transnational knowledge made possible by the research
activities of the international centre;
b = lag between investment in adaptive research and the availability of a new
technique in country c;
(NRc) = measures the investments made by country c national research
organisations that are relevant to the country specific target group;
u2 = stochastic variable capturing the vagaries of the technique development
within the national agricultural research system.
Technique Adoption
There is a final relationship between the techniques that are on a country's "technique shelf"
(Tc) and the impacts realized within that country: farmers, livestock owners or market agents
must actually integrate the available techniques into their production or marketing portfolios.
Anderson (1991: p. 111) suggests that this relationship is "one of the greatly under
researched ones in the economics of agriculture." Important factors are likely to include: (1)
the effectiveness of the linkages between researchers and producers; (2) the prices of outputs
and inputs; (3) the efficacy of the local marketing system to market outputs and deliver inputs
necessary for successful adoption of the techniques; (4) the policy instruments implemented
by the national government and its agencies; (5) a number of stochastic environmental,
economic and political variables; and (6) the social, economic and ethnic heterogeneity of the
target population and the ecological heterogeneity of the environments in which those people
work.
To estimate the technical adoption equation it would be necessary to develop a measure of
impact (Ic) - for the current purposes consider changes in the expected value of economic
surplus in the national market to be the appropriate measure. This would require specification
of the relevant supply and demand functions. (A more detailed discussion of the appropriate
measure of impact is discussed in greater detail in a following section.) The efficacy of the
local marketing system to deliver inputs and handle outputs (Mc) could be measured by the
transactions costs that producers must incur to secure inputs and market outputs at different
times throughout the year. Important policies (Pc) include those affecting resource tenure,
agricultural credit, trade and exchange rates. Producer heterogeneity (H) could be measured
by wealth concentration (e.g. Gini coefficient) or agro-ecological diversity (e.g. coefficient of
variation of average rainfall across the target group).
Merrill-Sands and Kaimowitz (1991) identify two types of complementary links between
researchers and producers: direct links between researchers and farmers developed through
on-farm research and links between researchers, technology transfer agencies and farmers.
They suggest that the effectiveness of these links depends upon the organizational structure
of the research institutes, the types of linkage mechanisms (joint planning and review
processes, collaborative professional activities, resource allocation procedures and
communication devises) and the manner in which the research and extension services are
managed. The effectiveness of those linkages could be measured by comparing the
knowledge that researchers and farmers have of the available techniques (including both
"modern" and indigenous techniques) or by comparing researchers' and farmers' conceptions
of the main constraints to agricultural production and technique adoption.
Again, there will be a lagged relationship between the availability of new techniques and their
adoption by producers, consumers or manufacturers. To simplify the exposition, the lag is
assumed to be a fixed parameter (d). In reality, however, it is generally observed that
producers adopt new techniques at differential rates depending upon their production
objectives, their attitudes toward risk, their access to credit and other markets, the availability
of family and hired labour and the social and ecological environment in which they operate
(Jahnke et al, 1986). And when they do choose to adopt, farmers tend to adopt components of
the technological packages offered to them in a "stepwise" manner, taking account of the
characteristics of each component and the interactions between the new components and the
other techniques in their production systems (Byerlee and Polanco, 1986). This implies that
the adoption of new techniques in any period t depends upon the techniques made available
in periods t-1, t-2,... Finding the appropriate functional form of distributed lag relationships has
proven to be one of the most difficult empirical issues in the economics of agricultural research
(Swallow et al, 1985).
Ict+b+d = f5(dTct+b,Mct+b,dPct+b,Xct+b,H) + f6u3
                                                                                        (3)
where
Ic is the impact realised in country c;
f5 (...) and f6 (...) are unspecified functional relationships;
d = lag between the initial availability of new techniques within a country and their
adoption by producers, consumers or manufacturers;
dTc is an increment to the techniques available in country c;
Mc measures the capacity of the local marketing system for inputs;
dPc is a vector of policy changes;
Xc measures the effectiveness of the linkages between researchers and farmers;
H is a measure of the heterogeneity of the target group;
u3 is a stochastic variable capturing production risks.
Policy Formulation
The above three equations - knowledge discovery, technique development and technique
adoption - would be an adequate model for depicting the impacts of the production research
undertaken at international research centres. As discussed in the "General Issues" paper,
however, international centres also engage in policy and organizational research. Policy
research deals with the relationships between public policy development, institutional change,
agricultural development, and technological change. It can have relatively direct impacts on a
target group. Equation (4) specifies a relationship between public policy changes in country c
(dPc), research investments made by a national research organisation (NRc) (which is also an
independent variable in equation (2) and the dependent variable in equation (5)), and the
policy research undertaken by the international centre (PR). As is the case for production
research, it is assumed that there are lags between transnational policy research, domestic
research and domestic policy changes. It is assumed that domestic policies respond more
quickly to domestic policy research than to international policy research (that is, e f).
As discussed in the "General Issues" paper, the policy research of an international centre such
as ILCA could be measured by: (1) the dissemination of the centre's policy-related research
(international meetings, journals); (2) circulation of, and contributions to, policy networks such
as ILCA's African Livestock Policy Analysis Network; (3) enrollment in policy workshops and
training courses (such as ILCA's Livestock Policy Analysis course); and (4) participation in
special policy-oriented conferences and symposia.
dPct+b = f7(NRct+b-e, PRt+b-f) + f8u4
                                                                                                 (4)
where
dP is change in national policies that result from domestic and international policy
research;
f7 (...) and f8 (...) are unspecified functional relationships;
NRc = measures investments made by national research organisations relevant to
the country-specific target group;
PR measures the policy research conducted by the international centre relevant to
the formulation of domestic policies in country c;
e = lag between investment in policy research by the international centre and
changes in domestic policies;
f = lag between investment in research by the NARS and changes in domestic
policies; u4 is a stochastic variable affecting the formulation of local policy.
The Research Capacity of National Agricultural Research Systems
The final type of research undertaken by international centres is organizational research.
Organisational research is concerned with the capacity of local research organisations to
conduct policy and adaptive production research. Everything else being equal, increased
research capacity will result in additions to the effectiveness of national research
organisations.
The "General Issues" paper suggests that the output of an IARC's organizational research
could be measured in terms of the number of trainees in group courses and individual study
programmes, its contributions to networks linking NARS and other international centres and its
production and dissemination of research results that specifically deal with research method
and organisation.
dNRct +b-e = f9(ORt+b-e-g) + f10u5
                                                                                             (5)
where
f9 (...) and f10 (...) are unspecified functional relationships;
dNRc = changes in the research output of NARS in country c;
OR = amount of organizational research conducted by the international centre;
g = lag between organizational research conducted by an international centre and
its impacts on the research output of NARS;
u5 = stochastic variable capturing the vagaries of the local research climate.
Lags between Research, Technique Development and Adoption
This recursive five-equation model illustrates that there are several time lags between the
investment of resources in agricultural research and the realization of impacts from that
research. Specifically, there are lags between: (1) investments in strategic research and
knowledge pay-offs (a); (2) investments in adaptive research and the availability of new
techniques (b); (3) the availability of techniques and their adoption (d); (4) investments in
policy research by international centres and changes in domestic policies (f); (5) investments
in research by NARS and changes in domestic policies (e); and (6) investments in
organizational research by international centres and changes in the research output of NARS
(g). In the model it is assumed that the length of these lags can be ascertained with certainty,
that is, it is assumed that the variables a, b, d, e, f, and g in equations (1) through (5) are fixed
parameters that can be estimated with information available at the time the analysis is
undertaken. In fact, each of the lags are uncertain and can only be predicted from past
experience and current information. For example, the strategic nature of international centres'
research contributes to long and uncertain lags between the expenditure of research funds
and the realization of actual impacts on African farmers and consumers. Economists have re-
evaluated the ten to twelve year lags that have been assumed in most studies and have
recently suggested that the ultimate impacts of crop-breeding research may not be felt for 30
years after the first research is conducted, while returns from animal breeding research may
be delayed even longer (Anderson and Herdt, 1990).
Stochastic Variables Affecting the Impacts of Agricultural Research
To complete estimation of the model it would be necessary to specify the probability
distributions of the stochastic variables. Recall that five stochastic variables were specified in
the model: u1 captures the vagaries of the research process at the international centre; u2
captures the stochastic factors affecting the local innovation process; u3 captures agricultural
production risks; u4 depicts stochastic factors affecting the formulation of national policy; and
u5 captures the random personnel, management and organizational factors affecting the
capacity of the local research organisation. Probability distributions of these variables could be
estimated from historical data (especially appropriate for variability in natural phenomena),
observations from similar research environments, and projections provided by expert
appraisers. Pouliquen (1970) discusses the techniques that the World Bank has used for
eliciting subjective probability distributions from experts.
Ex Ante Evaluation of Impacts under Uncertainty
As a conceptual framework, the five-equation recursive model is a useful heuristic for all those
who plan, manage and evaluate the activities undertaken by international agricultural research
centres. It clarifies the logic that research managers follow as they develop research priorities
and design specific programmes: What phases of research, extension and technique adoption
are likely to separate research investments by IARCs and the realization of direct impacts on
African producers and consumers? What are the sources of uncertainty that affect each of
these phases? In what future state of the world would the research results have the greatest
actual impacts? In what state would they have the least impacts? By what processes are
impacts realised from the different types of research activities - production research,
organisation research and policy research?
The model could also be used to predict the future pay-offs associated with alternative
research activities. With empirical specification, the model could also be used to develop
quantitative estimates of the economic impacts associated with particular research activities.
These estimates of economic impacts are situation dependent - they depend upon the
prevailing levels of the various stochastic variables. For a particular combination of production,
policy and organisation research, a probability distribution of economic impacts can be
generated by repeated evaluation of the model with different random draws from the
probability distributions of the stochastic variables.³ These probability distributions can then be
compared for different combinations of production, organisation and policy research. Expected
value, variance, skewness, maximin (choose the project with the greatest probability of
achieving a minimum pay-off) or any of the stochastic dominance tests could be used to
choose from among alternative research portfolios (Whitmore and Findlay, 1978).
³ Pouliquen (1970) and Anderson (1991) both note the importance of considering
the statistical relationships between the various random variables. If the risky
variables are statistically independent, then the values of the random variables
can be chosen independently in the simulations. If, alternatively, the risky
variables are not independent, then it is necessary to consider the relations when
choosing the values.
Anderson (1991: pp. 116-123) presents an ex ante analysis of the returns to cocoa research
in Papua New Guinea using a simplified version of this model. He estimated four equations: a
knowledge production function that relates scientific output to scientific input; a productivity
improvement function that relates improvements in productivity to advances in knowledge; a
dynamic price function (Papua New Guinea is a small country on world cocoa markets and a
cocoa supply function). By adding estimates of the costs of research (discussed in more detail
below), Anderson (1991: p. 120) was able to present Figure 2 as the probability distribution of
the returns to cocoa research in Papua New Guinea.
Uncertainty and the Value of Flexibility in Research Strategies
Explicit consideration of uncertainty facilitates analysis of another important principle for the
development of research priorities: everything else being equal, flexible research
strategies are preferable to fixed research strategies. This is, strategies that can be
updated and adjusted to take account of new information (many of the issues that are
uncertain when a project is chosen will become known as time passes) are preferred over
fixed strategies because flexible strategies open up more "options" to the research manager.
Figure 2. Probability distribution for financial returns to cocoa research on Papua-New
Guinea. (From J. Anderson, Agricultural Research Policy: International Quantitative
Perspectives, 1991.)
The "value of options" approach to ex ante impact assessment provides a method for
empirical estimation of the value of flexibility. This is best illustrated with an example. Suppose
that a research manager must choose between a flexible research strategy 'FLEX' and a fixed
research strategy 'FIX'. At time t equal 0 the project must be chosen; at time t equal 1 the
results of research are known (either success or failure); and at time t equal 2 the results are
disseminated and may (if successful) have impacts on the target population. The research
manager who chooses strategy FLEX at t equal 0 has a second choice at t equal 1: if the
experiment was successful, disseminate the results and achieve a net benefit of (B1 - C1 -
C2); if the experiment was not successful, do not disseminate and bear the costs of C1. The
research manager who chooses strategy FIX at t equal 0 have no second choice: if the
experiment is successful the net benefit is B2 - C1- C2; if the experiment is not successful
bear the costs of C1 + C2. A risk-neutral research manager would compare the expected pay-
offs from the two strategies and choose the one with the greatest expected pay-off For both
strategies, the expected pay-off would be calculated as the probability of success times the
pay-off with success plus the probability of failure times the pay-off with failure (Figure 3).
EP (FLEX) = Prob S * (B1 - C1 - C2)- Prob F * C1 (6)
EP (FIX) = Prob S * (B2 - C1 - C2)- Prob F * (C1 + C2) (7)
The research manager's choice between FLEX or FIX will depend upon the probabilities of
success and failure, the relative magnitude of the benefits B1 and B2, and the magnitude of
the cost C2. If B1 is greater than B2, FLEX will always be preferred. If B1 and B2 are equal,
then FLEX will be preferred as long as C2 is positive and the probability of failure is positive.
Even if B1 is less than B2, FLEX will still be preferred as long as probability of success times
the difference between B2 and B1 is less than the probability of failure times C2.
Measures of potential economic impacts
A key component of the above model is the concept of impact. Impact is about change, but
change in what? In economic analyses it is generally assumed that we are ultimately
concerned with the long-term "well-being" of a certain target group (e.g. the rural poor,
smallholder agropastoralists), but how do we measure well- being?
Expected Economic Surplus
Economists usually define well-being in terms of various measures of economic welfare.
Income - its aggregate level, its distribution among individuals and groups and its distribution
across time - is central to many measures of economic welfare Another monetary concept,
willingness to pay, is often employed to measure the impacts of agricultural research. The
premise underlying this approach is that both producers and consumers would be willing to
pay for a new technique and that the aggregate willingness-to-pay for the technique is a good
measure of the technique's value to society.
The aggregate willingness-to-pay for a particular outcome can be estimated from information
on market supply, market demand and the functional relationships between the different types
of research and impacts. Research which yields output-enhancing techniques (if adopted)
would shift output supply (increasing the quantity supplied at each price level), while research
yielding quality-enhancing techniques (if adopted) would shift product demand (increasing the
amount demanded at each price level). In either case, both consumers and producers would
be willing to pay for the research producing the outcome: consumers' willingness-to-pay for a
change is approximated by changes in consumer surplus; producers' willingness-to-pay for a
change is measured by changes in producer surplus. Net increases in the sum of consumer
surplus plus producer surplus can be measured to determine the average returns to research
investments. In Figure 4, consumer surplus is the area above the price line and below the
demand function while producer surplus is the area below the price line and above the supply
function.
The impacts of agricultural research generally persist long after the research is first conducted.
In the surplus approach these inter-temporal impacts of production research are captured
through net present value calculations in which discounted surplus measures are aggregated
across time periods. Net present value calculations depend upon the time paths of projected
pay-offs and upon the procedure used to aggregate benefits received at different times. In the
standard method future costs and benefits are depreciated by a discount rate that reflects the
social opportunity cost of capital. Using this method a technique that is expected to generate
positive returns sooner will be preferred, everything else being equal, to one expected to
generate returns later.
Ex post studies that have employed the economic surplus approach support several
propositions for evaluating potential economic impacts of the research undertaken by an
international centre:
(P1) Research results can leave particular social groups worse off, even if the net
economic returns appear to be very attractive. For example, research that
supports the development of labour-saving production techniques (such as the
broadbed maker) could have negative consequences for people who supply wage
labour. ILCA scientists need to keep in mind the fact that livestock-related
activities, such as herding and crop cultivation, are important sources of
employment in rural Africa.
(P2) The magnitude of the change in surplus depends upon the type of supply
shift. Everything else being equal, a parallel shift in the output supply function will
result in a greater increase in aggregate economic surplus than a pivotal shift.
(See Figure 4.)
(P3) The welfare effects of new production techniques depend upon whether or
not the product is traded on international markets. Producers are the main
beneficiaries of techniques that increase supplies of traded commodities, while
producers and consumers share the benefits of research on non-traded
commodities. In the surplus approach it is usually assumed that research gains
accrue only to consumers and producers. If research results are embodied in a
product, for example a new agricultural implement, then the manufacturers and
sellers of the implement will also gain.
(P4) Everything else being equal, output-expanding research on commodities with
high price elasticity of demand - high percentage change in quantity demanded for
a percentage change in price - benefits producers more than consumers. Price
elasticities of demand for both milk and meat are higher than those for cereals
(Davis et al, 1987). Everything else being equal, research on milk and meat will
benefit producers more than research on cereal crops.
(P5) Production research conducted in one region or country can have two types
of spillover effects: the knowledge can prompt changes in production techniques in
other regions with similar agro-ecological and/or socio-economic conditions; and
an expansion in supply or improvement in quality can result in lower prices on
international markets (Davis et al, 1987). Because of these international spillovers,
individual regions and countries will devote less resources than would be optimal
from the international perspective.
Figure 3. Research Manager's Decision Trees with Fixed and Flexible Research
Strategies.
Figure 4. Changes in economic surplus with output-enhancing and quality-enhancing
research.
Case Study 1: The Value of Options Created by ILCA's Development of the Single-Ox Yoke,
Harness and Plough
A major constriant to crop cultivation in the highlands of Ethiopia is the unequal distribution of oxen per
household. In 1980 a national survey found 29% of Ethiopian farmers to have no oxen, 34% to have
one, 29% to have two and 8% to have three or more. ILCA surveys around Debre Berhan and Debre Zeit
indicated strong relationships between the number of oxen owned by a farmer, the area cultivated and
the crops selected for cultivation. To help case this animal traction constraint in 1983 ILCA developed a
yoke, harness and modified version of the local wooden plough suitable for use by a single ox of the local
breed. On station research indicated that an adequately-fed ex could cultivate 60 to 70% of the area
ploughed by a pair in one day. Depth of cultivation was slightly shallower than cultivation with oxen pairs.
ILCA scientists viewed the major advantages of the single ox to be (1) its widespread adoption could
substantially reduce the number of men and breeding animals needed to support food crop production;
(2) its use does not impair coop yields; and (3) it requires minimal investment by farmers.
On-farm trials with 31 test farmers began in April 1983. By October of that year over 140 farmers had
approached ILCA for assistance with single-ox ploughing. Technical problems arising during the farm
trials caused farmers to be cautious about adoption of the new technique. A major problem reported by
farmers was that single oxen could work less and required more feed per day than paired oxen.
The technique has not been widely adopted to date, but events since 1983 imply that the technique may
prove to be most valuable as a drought-recovery option. In 1984-85 ILCA undertook an ox/seed project
that helped 600 drought-stricken Ethiopian farmers to recover from the severe droughts of 1983 and
1984. Each of the 600 project farmers were supplied on credit with one ox, 120 kilograms of seed grain,
and a single-ox yoke, plough and harness. The project farmers found the oxen too weak and the soil too
hard to do their first and second ploughing with single oxen. However, approximately 70% of the farmers
did use the single ox for the third ploughing planting, and/or seed covering. Farmers found the single-ox
extremely beneficial for planting because of the short period (about 10 days) during which planting must
take place.
Source: Gryseels et at (1984); ILCA 1986
Option Value or Shelf Value
In more formal terminology, the expected value of the economic surplus associated with a
programme of research (as calculated above) is the option value of that research. Option
value is an estimate of a society's option price for that research, where option price is the
amount that the society would be willing to pay for future options that come available as a
result. This terminology makes it clear that new knowledge and new techniques that create
options can have value even while they remain on the shelf. Case study 1 discusses an
example of ILCA production research that has created a technique that has "option value" or
"shelf value" even though it is not widely used at the present time.
Quasi-Option Value
But what of future events that we cannot anticipate at this time? That is, what if our subjective
probability distributions overestimate the probability of favourable or unfavourable events, or
misplace the bounds of the true probability distributions? Economists have developed the
concept of quasi-option value to refer to the value that should be placed on the possibility
that information gained in the future will increase the usefulness of an existing object. Species
(such as the threatened species of West African shorthorn cattle), techniques and institutions
all have a "quasi-option value," even if we do not now have information about the conditions
under which they would have an "option value." Quasi-option value is inherently difficult to
estimate.
The costs of achieving impacts
Most impact studies estimate rates of return to agricultural research by comparing the indirect
economic benefits generated from agricultural research with the direct financial costs of that
research. It is important to note that there also are direct social costs of research that should
be considered (Capalbo and Antle, 1989). That is, there are costs of ILCA's research that are
not reflected in its financial statements. Economists call these externalities: our research
generates external costs when we use expropriated land for our experiments, when we
distract farmers from their work to answer our questions, when our vehicles release carbon
monoxide or when we provide subsidised inputs that compete with private sector enterprises.
Ways of mitigating these direct external costs should be considered.
There also are indirect social costs resulting from farmers' adoption of our research results.
For example, the widespread adoption of trypanotolerant livestock in tsetse-infested areas of
central Africa is likely to contribute to increased land-use competition between livestock
keepers, cultivators, hunters and gatherers. It is also hypothesized that increased livestock
numbers would contribute to the degradation of the kaolinic soils found in the tropical areas, to
the loss of biological diversity in tropical forests and, ultimately, to an increase in global
warming (Ormerod, 1978). Social costs could also accrue from intensive livestock production.
The manure from increased dairy production could have negative impacts on ground-water
quality. (The paper on environmental impacts includes a more-detailed discussion of these
environmental costs.)
There may also be maintenance costs associated with agricultural research. Techniques
developed for a given set of social, economic and ecological conditions may depreciate in
value as those conditions change over time. Additional research is often required to maintain
research gains. For example, the research that supported the development of trypanocidal
drugs has depreciated as trypanosomes have developed drug resistance (ILCA, 1990). It is
now recognised that "maintenance research" - research needed to maintain production
increases generated as a result of past production research - is an important component in
many agricultural research programmes. As much as 70% of the investment in US agricultural
research is for maintenance research and the International Rice Research Institute (IRRI)
devotes a similar percentage of its research funds to maintenance (Hayward, 1987).
Operationalising sustainability issues into ex ante impact
assessment
National policy makers and international organizations are now paying increased attention to
the "sustainability" of projects, new techniques and the overall development processes to
which those projects and techniques contribute. For international centres, those concerns
must be incorporated into their priority-setting and impact assessment procedures.
Sustainability is a complex concept, however, that raises different issues in different contexts.
In this section different approaches are suggested for capturing those issues in ex ante impact
assessments.
Most concerns about the sustainability of agricultural and natural resource systems can be
summarised into the following propositions:
(P6) Some of our current actions have the potential to cause changes that are
either completely irreversible or prohibitively costly to reverse. The most striking
examples of irreversible developments include the extinction of species,
destruction of fragile ecosystems and irreversible change in traditional cultures
(Wilson, 1988).
(P7) Many of our current production techniques and consumption patterns are
overly reliant on non-renewable resources such as fossil fuels and timber from
ancient forests (Norgaard, 1988a).
(P8) There are circumstances in which the decision making of individuals leads to
resource allocation outcomes that are socially undesirable (Hardin, 1968).
(P9) New techniques are making social groups reliant on a small number of plant
species, production systems, and external markets (Harlan, 1976). This
specialisation is exposing individuals and societies to increased levels of market
and production risks.
(P10) New techniques are being integrated into production systems without
consideration for the ability of the society to develop appropriate institutions for
managing the new conflicts that result.
The Safe Minimum Standard Approach
Conceptually, each of the risk issues can be captured through the value of options technique.
From a practical perspective, however, we can never project future events with complete
certainty. Ciriacy-Wantrup's (1959) concept of a "safe minimum standard of conservation"
provides an alternative approach. He argued that society should insure against the possibility
that irreversible developments will cause future losses by maintaining a safe minimum
standard of conservation; this states that resource flows should be maintained at levels that
make it feasible to rebuild the stock at any time in the future. Ciriacy-Wantrup applied the safe
minimum standard concept to water quality, agricultural land and endangered species (Ready
and Bishop, 1991).
There are two possible approaches for incorporating safe minimum standard criteria into
priority setting and ex ante impact assessments: (1) projects could be chosen that maximise
the expected value of future impacts subject to the constraint that certain minimum standards
of conservation are maintained; or (2) projects could be chosen to minimise the likelihood of
certain irreversible developments. The first approach would result, for example, in a decision
rule of choosing the project with the greatest expected surplus that also guarantees that a
safe minimum standard of conservation will be maintained (such as a minimum seed stock for
a species of forage legume or a minimum herd of animals for a West African shorthorn breed
of cattle). The second approach would result in a decision rule of choosing the project which
maximises the probability of the maintaining the forage legume species or the probability of the
West African shorthorn breed remaining viable. It is likely that each of these approaches
would be appropriate for different situations.
Trends in Resource Productivity
Questions about the use rates for renewable or non-renewable resources can be addressed
by examining trends in resource productivity. One approach is to compare actual trends in
resource productivity to estimates of the socially-optimal trends. This would require the
development of a model of resource use dynamics that considers the effect of current
resource use on future resource productivity. For example, in the dynamic rangeland model
presented by Swallow (1991), forage production potential (a variable that measures the
productivity of equilibrial-type rangelands in terms of livestock output) in any period is specified
as a non-linear function of forage production potential in the previous period, the number of
animals kept on the rangeland during the previous period (the control variable), and a
stochastic climatic variable The optimal number of animals in each period will depend upon the
user cost of current resource use, that is, the marginal cost of current resource usage in terms
of the discounted value of foregone future usage. The dynamic models illustrate that the social
user cost of current resource use can be greater than the private user cost if there are several
individuals using the resource without any institutions governing their use patterns, or if the
private discount rate exceeds the social discount rate. In these circumstances, private decision
making will result in a rate of resource deterioration (or improvement) that exceeds (or is less
than) the optimal social rate. With empirical specification, the dynamic models can be used to
estimate the difference between the two rates, the taxes or subsidies that would be necessary
to bring the two rates into line or the impacts that new production techniques or institutional
arrangements might have on resource-use trends (Swallow, 1991).
Another approach is to compare the trends of actual productivity with some standard of
sustainability. Partial productivity - the ratio of output to a single input measure - can be used
to measure the sustainability of a single resource. Total factor productivity (TFP) - the ratio of
all outputs to all inputs - can be used to measure the sustainability of a crop, a cropping
system or an overall farming system. Lynam and Herdt (1989) argue that a system can be
considered to be sustainable if it has a non-declining trend in TFP. Ehui and Spencer (1990)
develop an index number (or growth accounting) approach for analysing trends in TFP and
apply it to analyse the sustainability of cropping systems in the humid coastal belt of Nigeria.
Using the TFP measure, the sustainability of a farming system could be taken to be an
objective or a constraint to the choice of research projects.
Resources, Technology and Social Institutions
To tackle the final two sustainability issues, one needs to deal explicitly with the interactions
between resources, technology and social institutions. Norgaard (1988b) offers definitions of
sustainable development that give explicit recognition to these interactions. His definitions vary
in geographical scope from the local to regional to inter-regional levels. Local-level
development is sustainable if the region's resource base, environment, technologies and
culture evolve in a manner that is mutually-reinforcing and not destructive of the local resource
base, environment, people or the people's cultural system. To operationalise this concept in ex
ante impact assessment it would be necessary to consider the technical, social and
institutional appropriateness of techniques "put on the shelf" for potential adoption. Priority
should be given to research activities that contribute to the institution building capacity of local
groups.
Implications for the International Agricultural Research Centres
International Agricultural Research Centres need to re-assess their priorities in light of the
heightened concerns about the sustainability of agricultural production systems. It appears
that such a re-assessment would leave much of the centres' production research intact. In a
special report to the CGIAR, Swindale (1991: p. 17) remarks that "since its inception, the
CGIAR has indicated a strong inclination toward low-input agriculture, biological methods for
controlling pests and diseases, and improved methods for dealing with edaphic and climatic
stresses. In serving farmers of developing countries, the centres focus on low-cost sustainable
technologies." And Smith (1990) argues that productivity and sustainability can be
complementary. Smith discusses four primary strategies for sustainable agriculture -
conservation and deployment of genetic resources, integrated pest management,
conservation and management of soil and water resources, and crop diversification - to
support two important propositions (p. 311): (1) "both modern science and traditional
knowledge need to be applied to resource management issues," and (2) "sustainability is not
synonymous with low-input agriculture."
A greater re-assessment may be necessary for the policy and organisational research that is
undertaken by the IARCs. Swindale (1991: p. 17) notes that "research related to socio-
economic determinants is heavily concentrated on technology issues, with nearly half of all
IARC activity in this area addressing either technology evaluation or technology policy
concerns. There is a notable dearth of research on population, institutional or economic policy
issues relating to sustainability." To rectify this dearth, international centres would need to
invest more resources to study the implications of "environmental policies" such as regulations
on tree cutting and wildlife hunting, as well as the environmental implications of international,
macro-economic and institutional policies. For example, regarding international trade, more
research could be devoted to studying the environmental implications of the GATT agreements
or the international trade in tropical timber; regarding macro-economic policy, more research
on the environmental implications of subsidised fertiliser prices and controlled meat prices;
and regarding institutional policy, more research on the environmental implications of resource
tenure and the liberalisation of markets. And, in terms of organisational research, international
centres would need to invest more resources to support the capacity of their NARS partners
to take better account of environmental issues in their analyses and policies.
Implications for ILCA
The conceptual framework developed in this paper builds on Anderson's (1991) paper on
agricultural research under uncertainty. The presentation is at the general level: any
international research centre should find the model and concepts useful as they look to the
future to help define current priorities. Any centre could attempt to specify the model
empirically. What then are the specific lessons for ILCA scientists?
Pathways
The model highlights the alternative pathways through which ILCA's research can have
impacts:
(1) ILCA's policy research (for example, its research on livestock pricing and trade
policies) can affect the policies of domestic governments which in turn will affect
producers and consumers.
(2) ILCA's organisational research (for example, its contributions to various
research networks) seeks to expand the capacity of local research organizations
to do relevant policy and adaptive production research. With greater capacity,
local research organizations could have greater impacts on domestic policy and/or
domestic production techniques.
(3) ILCA's strategic production-oriented research (for example, its research on the
genetics of trypanotolerance) adds to the stock of international knowledge on
livestock production in Africa. After appropriate adaptive research is conducted,
this knowledge can contribute to the production techniques available to African
farmers.
And the model shows that ILCA's activities influence the development of new livestock
production techniques in three ways:
(1) by contributing to the general pool of transnational knowledge from which
NARS develop and evaluate new livestock production techniques;
(2) by contributing directly to the development of new techniques in countries
where ILCA develops and tests its research results; and
(3) by supporting the capacity of NARS to do the adaptive research necessary for
technique development.
Risk and Flexibility
The model illustrates that the impacts achieved through each of these pathways are subject to
risk. As the ILCA research management chooses its future research portfolio, they must
consider the magnitude of risks associated with alternative projects and potential ways to
mitigate the effects of these risks. Risk-averse research managers (as most of us are) will
always prefer high-pay-off, low-risk projects, but in reality may be required to choose an
"efficient" portfolio of high- pay-off, high-risk and low-pay-off, low-risk research projects.
Individual ILCA scientists need to consider similar issues as they develop their own research
portfolios.
In this risky environment, there is a high potential value of adopting flexible research
strategies. This holds for all types of research - organizational, policy and production. In
general, the less certain the outcomes of particular steps in the research process, the greater
the benefits that can be derived from flexibility.
Trade, Markets and the Distribution of Benefits from Research
When defining priorities for commodity research, ILCA scientists should consider the local and
international patterns of trade for the various inputs and outputs. The benefits of research on
traded commodities, like milk and meat, accrue mainly to producers, while the benefits of
research on non-traded commodities, like draft power and manure, would be shared between
producers and consumers. But producers and consumers are not the only parties who stand
to gain from research. Any manufacturer or trader that has a large share of national or
international markets for a product stands to gain or lose monopoly rents as a result of
research which supports the use of its product. For example, the May and Baker
pharmaceutical company may have enjoyed increased rents as a result of ILCA research
showing that Samorin prophylaxis could be used to successfully raise Boran cattle under
trypanosomiasis risk (Trail et al, 1985). Alternatively, there is a potential that May and Baker
could lose from ILCA's current research on drug resistance and vector control.
Environment and Sustainability
The model suggests several techniques for incorporating environmental issues into impact
assessment and the establishment of research priorities. "Safe minimum standard of
conservation" and "total factor productivity" are recommended as useful concepts for
incorporating sustainability criteria into research prioritization and impact assessment. But
would ILCA need to shift its priorities away from production oriented research to advance new
sustainability criteria? Probably not. Following Smith's propositions about the possible
complementary between production and sustainability, ILCA needs not to abandon its
production-oriented research; rather it should integrate its research discoveries with traditional
knowledge and practices to ensure that productivity gains contribute to sustainable
development processes.
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Introduction
Positive social impact is the implicit goal of ILCA's research effort. Regardless of the type of
activity generated, the expectation is that output will eventually improve the quality of life and
welfare for people in sub-Saharan Africa. Social impact assessment, then, is concerned with
effects on people - what the research effort will do (or does) to individuals "where they live, in
families and communities, as a consequence of formulating policies, instituting programs, and
building projects" (Wolf, 1983: p. 15).
Assessing social impact, particularly potential impact, is anticipatory in nature. It involves
making projections about structures, relations, and outcomes that are yet to be realised. For
institutions such as ILCA whose research is often strategic, whose impact is primarily over the
long term- and whose clients are NARS, impact is not easily evaluated. First, usable scientific
packages may be years away from realisation (Anderson and Herdt, 1990: p.37; Jahnke et al,
1987). In this context, it is difficult to know in advance how people will react to change.
Anticipated changes in demographic (e.g., migration, urban/rural distribution) or other patterns
used to gauge the future and, often, the research agenda, is also uncertain (Whiteford, 1985).
Finally, how does one know with confidence the ways in which research output, once it
becomes part of the public domain, will be taken and transformed by others?
Second, when measuring social impact, it is often difficult to separate cause from effect and
isolate the multiple linkages that effect output and, thus, impact. As Horton (1990: p. 46)
states,
"The multiplicity of linkages, and the fact that technological change builds on the
stock of accumulated knowledge - not only that generated by formal research
systems but also that generated by farmers themselves - makes it extremely
difficult to measure the impact of an international center at the farm level."
Similarly, as Anderson and Herdt (1990: p.39) note,
"Attribution of effects is only straightforward when there is one effect and one
cause. This situation never prevails in agricultural research as there are always
many agents that are working more or less together in pursuit of research
achievements. Any simplistic attempt to ascribe a measurable achievement to just
one measured change on the cause side is bound to fall on rocky ground.
Predicting what the future may look like - even with the best available knowledge
and tools - has its own risks. Events internal and external to a production system
may well transform the landscape and needs of a specific population."
Third, while external demands for measurable impact at the farmer level are valid and
necessary, it is not always appropriate to assess institutional impact exclusively at this level.
ILCA is mandated "to assist national efforts which aim to effect a change in the production and
marketing systems in tropical Africa" (ILCA, 1988). As such, measures of positive social
impact are not always clearly or immediately apparent. For it is often in terms of institution
building and creating and maintaining linkages between ILCA and NARS that the nature and
level of impact are reflected.
Nevertheless, while ILCA may not have direct responsibility for technology transfer to the
smallholder farmer, the Centre and its scientists can 1) point to areas where impact has
already been realised, 2) provide indicators where the potential for positive impact in the future
might be best realised, and 3) raise the issues and concerns that should be considered when
evaluating the potential of its research to have positive impact.
What follows is a brief discussion of the major themes that comprise social impact
assessment (SIA).2 It is intended to serve as a guidepost - that is, to raise questions about
how a centre such as ILCA which is mandated to work on long term problems, maintains its
focus on impact, is responsive to the needs of an identified client, and, as Horton notes (1990:
p. 49), moves toward its ultimate goal "to discover or revise facts (research) that have
practical, beneficial application (development)".
2 See Appendix I for a checklist of the types of questions that are asked within
social impact assessment.
Social impact assessment: General issues
Equity
In the simplest terms, social impact is concerned with the question of "who benefits and who
loses?" Since those who benefit are, often, not the same as those who lose, the issue of
equity is the single most important component of social impact and informs most if not all such
studies. With focus on equity issues, there is an overall assumption that in any society, there is
never equal access to resources. Thus, there is potential for benefits arising from research
output to be disproportionately spread across groups of people. In terms of social groupings -
whether based on male versus female, rich versus poor, urban versus rural, advantaged
versus disadvantaged, old versus young or developed world versus developing world, the
point is essentially the same. Any intervention brought into a stratified system has the power
and potential to change the balance of relationships. The intention of an intervention may well
be to create conditions where the anticipated gains offset possible losses and benefits
outweigh potential risks. The result may instead be a magnification of divisions, generating, for
instance, increased income disparities (absolute and relative), greater cultural or ethnic
divides and further disruption of existing relations of power - specifically, access to and
distribution of resources.³ As Kumar (1985: p. 169) cautions:
"Development programs have the capacity to radically change the distribution of
resources by allowing those already favored in traditional and evolving structures
to capitalize disproportionately on the benefits of growth."
³ The debates generated by the introduction of new technologies on the world
market highlight this issue. For example, the introduction of high-fructose corn
sweetener emerged as an economically viable and widely used sugar substitute
which significantly reduced the export value of sugar-cane as a tropical commodity
and threatened the livelihood of millions in developing countries. Thus, a new
technology may have benefited consumers in developed countries, but it also
created major displacement of those who depended on sugar-cane production for
their livelihood (Dembo et al, 1987; van den Doel and Junne, 1986).
Thus, it is important, both in planning and implementation, to consider the implications of the
research endeavour on societal relationships. In terms of planning, assumptions about the
social world and human relations are built into the research process itself. These assumptions
have eventual implications in the process of technology transfer and, thus, should be explored
as a part of impact assessment. In terms of implementation, the issue is no less acute. For
example, the ultimate target of ILCA's research is the crop-livestock smallholder and
agropastoralist. Yet, it is often the larger landholder and those with non-agricultural income
sources who have greater access to resources such as credit, labour, health and veterinary
services and markets. Those who already "have" can take the risks of adopting new
technologies more readily than ILCA's target groups. This raises a number of questions that a
research institute should consider when designing and pursuing a research agenda: Might a
technology intended for one client find its way to another instead? What are the implications of
this in terms of equity or resource allocation and distribution? As numerous authors contend
(e.g., Stamp, 1989; Derman and Whiteford, 1985), technology is never neutral - it is always
developed and utilised in some social, political and economic context.
Regardless of intent, interventions expected to enhance the production potential, well being
and purchasing power of one target group may, instead, filter to another, creating further
imbalances in relations of power and equity. As Flinn and Buttel (1983: p. 137) note:
"...many well-meaning alterations of the traditional agendas of the international
and national agricultural research institutes toward greater attention to
smallholders...may be ineffectual in improving the condition of smallholding
peasants.
The dilemma revolves around the crucial fact that if peasant livelihood is to be
improved [through technology transfer], the peasant must have sufficient land so
that surplus food can be produced and marketed, leading to capital accumulation
by the peasant."
Thus, it cannot be assumed that because a research output has the potential to improve, it will
actually do so in practice. Proposed technology packages or other interventions will, often,
"tread the edges of possibility" (Dyson-Hudson, 1985: p. 184) and potentially jeopardise the
relationship (no matter how tenuous) among individuals and between people and their
environment. For instance, early international research efforts were criticised for not
considering the role of women in the production system and the potential impact of research
on women in the household (e.g., Stamp 1989). Yet, an FAO report (198?) stated that,
"Women in rural areas grow at least 50% of the world's food. In some parts of Africa they
provide up to 90% of the rural food supply." And, as Moock (1986: p. 5) reminds us,
"...given the high degree of specialization within the African household, the
appropriateness of new technology will depend in part on who performs what
tasks, who has which kinds of family responsibilities to meet their income."
Because there are household activities that are gender-determined and because, often,
"labour-using technology is biased against women" (TAC, 1991: p. 55), interventions proposed
for a system can disadvantage the status and economic position of women. Failures of
researchers to acknowledge these differential roles and access to resources exacerbated,
rather than lessened, disparities between men and women. In response to these concerns,
the last 15 years has witnessed increased attention to the role of women in development with
the aim of determining the impact of new technology on gender relations and the role of
women in the household and production unit (see case study 1).
Case Study 1. Technology Generation and Impact
The Ethiopian highlands are dominated by vertisols-hard clay soils known for their waterlogging during a
major portion of the growing season, Over eight million hectares of these soils are found in the Ethiopian
highlands. To alleviate the problem of waterlogging, certain indigenous cropping schemes have evolved:
crops are sown late in the season after excess water has drained and broadbeds and furrows (BBF) are
manually made - mostly by women and older children - to improve drainage. As a result of the late
cropping and soil loss, returns from investment in the land are inadequate to meet food and cash needs
of the population.
The broadbed maker (BBM) was developed through the collaborative efforts of five national and three
international organisations (including ILCA) to provide land-shaping capabilities to the traditional animal-
drawn plough, the maresha. The BBM is intended to shape the land into broad beds, thus allowing for
greater drainage of water on the vertisols and to allow earlier seasonal planting of crops. In addition to
the BBM, fertiliser and improved seeds have been introduced to promote early planting.
On-farm testing, begun in 1986, has yielded positive results-average farmer gross margin and labour
productivity per hectare have shown increases when compared to traditional cropping methods. Equally
important, it has been demonstrated that the broadbed maker has relieved women of the labour-intensive
task of manually making broadbeds and furrows, thus freeing them up for other activities such as
processing sheep wool and making carpets - activities that have brought additional income into the family
unit.
Source. ILCA (1992).
Risk
While a technology may seem appropriate and vital for the survival of a community or
production system, its integration into that system will, in part, be determined by the
willingness of people to forego short-term security for long-term gain (see case study 2). For
example, Solomon Bekure and de Leeuw (1991: p. 141) note that,
"Innovations that are capital-intensive and increase the producer's vulnerability will
not interest producers unless the required capital is made available and the risks
minimised."
Case Study 2. Improved Milk Processing in the Ethiopian Highlands
ILCA scientists at Debre Zeit in Ethiopia are testing on-farm, the use of an improved milk processing
package. The intervention is intended to increase the volume and improve the shelf-life of milk products
(e.g., butter) so that additional income can be generated by the sale of these products.
The peasant association that is being used in the study has, over the years, maintained a relatively
isolated and tradition-bound existence. In fact, it took ILCA scientists over five months of almost weekly
site visits to convince a sufficient number of farmers to participate in the study. In the beginning of the
project, some farmers were hesitant to even donate a portion of their liquid milk to the processing facility
built at the village - expressing concern that illnesses in their cattle were a direct result of participation in
the trials.
While the intended benefit of the research is to help sustain the village and improve its marketing and
production potential, there are risks involved. For instance, will labour requirements between and among
household members change? Will this change be perceived as better or worse? How or will the
prevailing customs and traditions conflict with the customs of other social groups the villagers may now
come in contact with? Is the security and autonomy of the village enhanced or undermined by the
research package? Will the potential economic gains offset possible losses (e.g., cultural and social
identity, etc.). Are there sufficient and adequate market outlets to maintain farmer interest in and
commitment to the improved technology? It is questions such as these that guide social impact studies
forward.
Source: ILCA (1992); O'Connor and Zenash Zewdie (1990).
Ultimately, any intervention that is introduced into an existing system - a system that,
regardless of its level of payback to members, does offer some security - may place some
members of that system at unacceptable risk. Roberts (1985: p. 46) notes that,
"Behavioral patterns, particularly among the poorest agriculturalists and
pastoralists, are, often, quite rationally risk-aversive. Farm households have found
technologies which may not necessarily give them the highest average income but
which will give them a degree of assurance in the presence of variably climatic
and economic circumstances. Any innovation which is proposed to them,
therefore, must respect their intrinsic concern with survival. Unfortunately, all
innovation involves a degree of risk. It is likely, therefore, if the poorest are the
most risk-averse, that the poorest will also be the hardest to assist with
suggestions for technological improvement."
These comments are important - particularly for organizations such as ILCA who have
targeted what might be called a "risk-aversive" clientele. If ILCA's research is, ultimately,
directed to the smallholder who can least afford to take risk, what is the likelihood of adoption
and what is the potential for impact? Traditional systems are the "logical outcomes of ... time-
tested adaptations. They are, in this sense, rational" (Rhoades, 1982: p. 2) and less likely to
welcome change if it is perceived as a threat or counter to their livelihood, security and
autonomy 4. For instance, Coppock's work (case study 3) with the Boran pastoralists in
Southern Ethiopia, suggests that the adoption rate of hay making - a simple intervention
intended to provide calves with dry-season nutritional requirements - tends to vary in relation
to movements of people. While hay making is a viable production intervention in terms of
labour requirements and improved calf nutrition, its use is often contingent on the "semi-settled
nature of households, which reduces risks of having to abandon hay stacks" (1991: p. 15).
4 This suggests that interventions that will have only modest effect have greater
likelihood of adoption. Incremental changes are also more readily adapted to local
needs because they build on indigenous knowledge and respect the integrity and
durability of the system (e.g., ILCA's experience with fodder banks in Nigeria,
Mohamed-Saleem and von Kaufmann, 1991); the introduction of the internal
agitator in the Ethiopian highlands to improve the efficiency of butter-making
(O'Connor, 1990).
Synthesis
While the issues of equity and risk have been highlighted in the previous sections, household
labour requirements, economic security and stability, customs and norms, human health and
welfare, status, position within a social group, etc., are all subject to transformation with any
system change. And because economic, political, cultural, and, often, environmental factors
determine the make-up of, and opportunities available to individuals or groups of people,
social impact should, ultimately, take account of these factors as well (case study 3).
Case, Study 3: Hay making by the Borana of Southern Ethiopia
While Borana men in southern Ethiopia are the major decision- makers regarding cattle production and
sales, married women are responsible for calf management and determining milk offtake, Because of
seasonal variations in calving, women are often engaged in labour-intensive management of calves to
ensure their survival (i.e., spending up to 30% of their time hauling water and collecting forage for hand-
rearing activities). Hay making with local grasses at the end of the wet season (for use in the dry season)
was seen as a means of benefiting the "seasonal labour calendar of women" by freeing women from
these time-consuming and laborious tasks. Since women had reported that labour constraints were their
most important problem in improving livestock production, hay making was seen as a viable and relatively
simple intervention. It was also hypothesised that the nutritional requirements of calves would be better
met by the introduction of this rather simple intervention. Results, however, were mixed. Trials showed
that hay making was technically feasible and that the calves fed hay were able to maintain their body
weight during the dry season, unlike the traditionally managed calves which lost weight. However, the
labour requirements of women were not significantly reduced. Two factors may have contributed to this
latter finding the particular dry season studied received rains that provided ready supplies of feed; and,
women appeared to overestimate the amount of time spent collecting feed in the dry season.
Nevertheless, conclusions from the study suggest that as competition for available resources increases
due to rising hum an and livestock populations, management practices such as hay making may well
become labour-saving activities for the Baron pastoralists. In terms of potential impact, the study
highlights the need to observe, over time, the effects of interventions on various components of the
production system.
Source: Coppock (1991).
No matter how well intentioned, the net positive impact of research on production systems is
never assured. But, the probability for favourable potential benefits can be enhanced if the
following concerns are incorporated into the design, planning and implementation of the
research.
· Which segments of a population are least/most likely to benefit from new
technologies?
· How might an intervention differentially impact on people and communities?
· How might an input potentially affect existing social, economic and political
structures?
· What is the likelihood that intended beneficiaries will have and maintain access
to introduced technology?
· What is the social, political, and economic environment within which a
technology or research package is being developed and directed?
Social impact assessment
As suggested above, any new input into a system has the potential to transform the balance
between political, economic, environment, social and cultural relations that bind the community
or production system together. These relations are linked by certain expectations, norms and
rules that reside within social systems (e.g., cultural norms, gender roles, labour requirements)
and those that are external to them (what Brokken and Williams (1990) termed the 'policy
environment'). Thus, pressures from within and without operate in concert to give these
relations an identity, a balance and a continuity. Since forces both internal and external to the
particular system constrain or encourage the development and extension of research output,
SIA provides, essentially, a threefold analysis: 1) an examination of the internal "micro-
environment" of the particular production system in order to assess how a proposed
intervention may/may not transform social relations, 2) an examination of how factors external
to the system ("macro-level" forces) may constrain or promote recommended changes, and 3)
the nature of the linkages which bring together the micro- and macro-environments. In this
framework, SIA can be a tool for the scientist to utilise as research agendas are developed or
as the process of technology transfer is initiated. In the former case, it serves to contextualise
problems within the realm of potential solutions; in the latter, it helps gauge utility and benefit.
The Micro-environment
An examination of the micro-environment involves an exploration of the particular system
under study. This focus provides the opportunity to describe, identify and anticipate constraints
to, or opportunities for, positive impact on the household, community or production system.
Efforts by ILCA in this regard have included an examination of the livestock production system
of Maasai pastoralists in Kenya (Solomon Bekure et al, 1991) or work in the Ethiopian
highlands focused on farmer receptivity to the introduction of improved vertisol technology.
Based in part on the influence of farming systems research (FSR), the presumption guiding
this work is that production systems are diverse, complex and integrated entities of crops,
livestock and humans (Buttel and Flinn, 1983), where several activities, demands and needs
interact and, often, compete for limited resources. Thus, understanding how these systems
operate and what factors influence production are key components of any research effort
(Jahnke, 1986: p. 180). Part of this process includes identifying and integrating the perceived
needs of the smallholder into the research planning and implementation process (e.g., Okali
and Sumberg, 1986). It also includes producer participation in the testing and verification of
research output to help determine the appropriateness of technology and the degree to which
a community is willing to adapt to change (see for example Taylor-Powell, 1991, for a
discussion of Fulani behaviour and decision-making processes regarding the introduction of
fodder banks in Nigeria).
The rationale for FSR is straightforward - if research is not directed toward an actual need, the
likelihood of adoption is minimal and its impact (whether social, political, economic, or
environmental), potentially negative. Research-based interventions that do not take account of
the complex nature of the production system, including the needs of a target population, risk
non-adoption or the disruption of prevailing social, political and economic relations. Thus, an
important objective of FSR is to better understand the dynamics of not just the overall system
of production, but the family unit/household5 as well - the actual users of research-based
interventions. The household is perceived as an integrated social and production unit
(Campbell, 1990) where each family member (and thus his/her labour) is engaged in some
aspect of its operation. Intra-household variations (Jigging, 1986; Jones, 1986) and the
linkages between intra- and inter-household variables (see, for example Solomon Bekure et
al, 1991 - specifically Grandin, and Grandin et al) are also considered determinants of
resource access and control (Moock, 1986).
5 While impact on the individual is an important consideration (e.g. change in
status, roles, health, labour investment), relational issues with larger units of
analysis - for example, within the household, between households, and "rural
family groups" - is often seen of greater value in terms of assessing potential
impact (e.g., Moock, 1986; Campbell, 1990).
Generally, an input will have different implications and impact for the various members of the
family, community or production system. Thus, an understanding of priorities, needs and roles
should guide any research effort that seeks to intervene in the system. Choices that are
eventually made within and between social groups will affect the production system in some
way - e.g., changing migration patterns, labour requirements, access to resources and
educational opportunities.
The Macro-environment
Forces external to the production system are, in many cases, the primary determinants of
social change and development. Structural and institutional forces that prevail at the regional,
national or global level will often define "the limits of possibility and potential." As an example,
Nyanteng (1985:155) discusses how gender biases that are institutionalised in the customs
and policies of Ghana have constrained the process of technology transfer.
"In some parts of Ghana, a married woman cannot take a loan for any activity
from any source without the consent of her husband. But for the many poverty-
stricken small-scale subsistence women farmers, credit is essential in order to
enable them to adopt some of the modern technological innovations in farming.
The extension agents in the region are predominantly men and in some places,
social norms prevent the agents from talking directly to women farmers...Yet, it is
the women who take the day-to-day decisions and manage the family subsistence
farms."
National policies directed toward the agricultural sector and political/economic pressures that
transcend national boundaries can and do affect the opportunities available to the rural poor.
If, for instance, government credit policies favour larger landholders, cooperatives or urban
dwellers, there is little opportunity for the individual rural smallholder to obtain credit needed to
improve the farm holding.
Biotechnologies which are proposed for the agricultural sector of developing countries are an
additional case in point. There has, in recent years, been much discussion over the
introduction of bovine growth hormone (bGH or BST) into the dairy sector. Increases in milk
production in US dairy cattle from 15-30% are projected. However, several studies (e.g.,
Molnar and Kinnucan, 1989) indicate that its introduction would increase vertical integration
and regionalisation of production. As a result, 30% or more dairy farmers, primarily small
operators, would be forced out of the dairy industry as a result (Buttel, 1989). For bGH in
developing countries, the question of impact - and on whom - becomes critical. While the
technology may be technically feasible, the social and economic implications for the
smallholder with limited resources could be profound.
The individual research scientist cannot be expected to change national policies, the agendas
of multinational corporations, or the political environment under which policy and action are
promoted. But, as these examples indicate, the scientist should consider the degree to which
technology will have the potential for positive impact - and for whom.
Linking the Micro- and Macro-environments
Ultimately, the potential for positive impact is largely determined by how well linkages between
the micro and macro-environment have been formed to transfer and promote technology
packages. Maximising the potential for impact can, then, include strengthening the linkages
and the networks between these two levels. Whether the goal is long-term sustainability,
short-term production gain or both, institution building becomes a key channel for effecting
change at the farmer level. Ongoing efforts by ILCA at institution building include training
courses, collaborative research programmes between NARS and support for networks that
bring together scientists from ILCA and NARS (e.g., AFRNET, CRNET, ATLN). These efforts
are both a measure of impact and a means of promoting potential for impact in the future.
Social impact assessment concerned with linkages between the micro- and macro-
environments should include an examination of the relationship between the research-
generating organisation (e.g., ILCA) and NARS as well as the linkages that exist between
NARS, NAES and farmers. It should also consider the policy environment (e.g., pricing
policies, market structures, trade policies, etc.) within which a development scheme may
operate. There is also the need to examine the service infrastructures (i.e., credit, markets,
extension and health) available to the production system. Basically, the essential question is,
"What kind of delivery systems and policies are in place and needed for positive impact on a
target group?"
Often it is not the package itself that is the key ingredient to adoption, but, rather, the networks
and linkages in place to support and maintain the package. Research, no matter how well
thought out, researched and accepted by a scientific community, has little relevance if not
picked up and utilised by others. Ultimately, if an intervention is acceptable to a farmer but no
infrastructure is in place to support it, there is no more than the potential for impact.
Social impact assessment at ILCA
Technological inputs are key components to improving the productivity of farmers in small
crop/livestock and agropastoralist systems. To participate in the process of technology transfer
suggests institutional support for the administrative and research networks which will actually
deliver technologies. ILCA is in an opportune position to promote the extension of its research:
first, by anticipating the implications - that is, the potential impact - of its own research; and
second, by supporting NARS, NGOs and other agents of development and extension. In the
final analysis, research output is not simply created "in the hope" that one day, structures may
be in place to promote adoption. Institutions such as ILCA have an opportunity to support and
strengthen the ability of transfer agents to effect change at the farmer level.
In this process, ILCA can, and has, done much to integrate social impact assessment into its
ongoing research. Its commitment to farming systems research, on-farm testing of technology
packages, policy research, institution building and training are just a few examples. The
Centre can, as well, plan its activities based on long-term socio-economic trends in
agriculture. Planning strategy thus becomes particularly important for an institution which looks
toward future, rather than present impact and stresses sustainability rather than short-term
gain. While one cannot predict the future with certainty, there is need to anticipate trends so
that research efforts can be better contextualised and made more relevant. The Winrock study
(1992) exemplifies this effort and raises some important issues that research institutions such
as ILCA should attend to if sustainable and sound growth in livestock production is to be
achieved. For instance, the report suggests that population growth, urbanisation and rising
incomes will be major determinants for future demands for animal products. What then are the
implications for ILCA - an institute whose focus is the crop/livestock smallholder and
agropastoralist? Will smallholders be absorbed into an increasingly expanded urban/semi-
urban population? As population increases and pressure for land to feed this population
grows, what are the implications for the future of the agropastoralist? If, as the report
suggests, peri-urban livestock systems are expected to grow around large population centres,
what does this mean for the smallholder who lives far from these centres? For ILCA and
others concerned with social impact, the challenge becomes one of considering key
constraints and opportunities that will be important determinants of livestock production in the
future.
There is always a degree of uncertainty regarding the potential of research to have a positive
impact on a production system. No matter what tools of assessment are used (e.g., qualitative
methodologies, developing simulated models of systems, etc.) international centres cannot,
even under the best of circumstances or the most finely tuned instruments, ensure that
research-based interventions will be integrated into production systems or that benefit in one
area (e.g., economic) will translate into another (e.g., social or environmental). Neither can
they be sure that the linkages developed with NARS and other transfer agents will ensure that
interventions are extended. Fortunately, given the variety of perspectives and diversity of
experience available within an international centre, there is an opportunity to cross disciplinary
boundaries and utilise the complementarily of interests and expertise. From this, there is
greater likelihood that the output of the institution will have beneficial and measurable impact
for future generations.
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 Appendix I
Any social system is a complex network of people and their institutions in which factors within
and without act in concert to give the system substance and cohesiveness. The physical
environment, social, economic and political realities form its identity and shape the limits of
opportunities for change.
Attempts to transform a part of the network can, and most often do, transform other parts as
well.
Thus, all components and their interactions within the system should be considered when
determining the potential for positive social impact. The following set of questions can be used
as a guide to assessing potential impact. No distinction is made between, for instance, the
social, the economic or the political because inputs will likely have primary, secondary and
tertiary effects - effects which may be equally important to the well being and continuity of a
target population.
These questions are not usually answered by the single scientist. The intent is, instead, to
stimulate information known about the production system and explore the assumptions
brought into the research process.
1. Who are your targets? What is the social composition of the target audience(s)?
2. What are the goals of the research - knowledge generation, technology
development, improved livestock productivity, etc.?
3. What is the nature of the system that you wish to change? (It is here that FSR
is most useful as a means of describing the particular system under study.)
· What are the perceived needs of your target groups?
· What are the perceived constraints that may limit the integration of
new technologies into the systems of target groups?
4. By what methods do you gather information about the system you wish to
change? Secondary data (e.g., literature reviews), field studies? simulated models
of systems? experience? Does the method(s) used provide you with meaningful
information about the interactions between crops/livestock and people within the
system?
5. Have the types of interventions proposed been introduced elsewhere? If so,
with what results? What were the social, economic, political, cultural and
environmental implications? What were the constraints to adoption? How might
conditions in the present targeted system differ?
6. What long-term trends are envisioned for the targeted system(s) in terms of
availability and quality of resources (e.g., land, water, feed)? In terms of
demographic changes (e.g., urban-rural migration)? If these trends continue, will
the production system be sustainable?
7. Can evidence be cited that shows inputs such as markets, credit, labour,
favourable pricing policies, government support, etc. exist or can exist to support
proposed research interventions?
8. What are the potential benefits expected from the research in terms of
increased opportunities (e.g., education, economic security, autonomy, health,
food security, etc.) for:
· the individual
· household
· community
· other social groupings deemed important in the system
And equitable relations between social groupings such as:
· men vs women
· children vs adults
· smallholders vs larger landholders
· rural vs urban dwellers
In terms of labour requirements?
In terms of individual status within the household, household status in the
community, community status with other systems?
In terms of decision making processes?
In terms of equity issues?
In terms of access to resources?
9. Are there potentially negative results which may arise from the research in
terms of the issues and social groupings described in no. 8.
10. What are the potential implications of change within the system? Are there
winners and losers? Are all potentially affected in an equitable way? Do the
benefits outweigh the potential costs?
11. Are there other factors that might affect the nature or extent of impact? For
instance, Changing dynamics in urban-rural demographics [what are the
implications for your target.]? Male out-migration [what are the implications in
terms of a steady supply of labour for the production system]?
 
